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A Othi more 9 be 10 to 
John the. great na of. 
'V. the Scien ce, denoted by the 
general N ame of. * Mechavichs, than. 
that it teaches, and explains in 4 
geometrical Manner, thoſe Principles, 
*whereon is founded the Power or 
Force of the ſeveral. Machines or En-. 
Lins, made uſe of either in Civil or 
Miluary Affairs; and alſo that it ex- 
Plains in like manner the various Mo- 
tion of heavy Bodies, conſider'd either. 
in the: Air or in the 2 ater. The bare 
making of Machins ig indeed an llj- 
beral or ſervile Employ, and fit only 
for Perſ, ons of the meaner Sort ; whence 
ſuch Handy-craft Perſons are ſome- 
ſimes called, by way of Degradation, 
(A2) bans 


The Preface. 
Mechanicks. But the Knowledge of 
the Principles, whereon depend mecha- 
nical Aris or Trade, is juſtly eſteem d 
a Liberal Science, not below the Stu- 
dy of Perſens of the highe qt Abilities 
and Rant. Foraſmuch as this Sci- 
ence both gives a very conſiderable In- 
fight into the Works f Nature; (not 
only with reſpect to Sublunary Bodies, 
but eden to the Frame, Order, and 
Preſervation of the Celeſtial Syſtem ; ) 
and alſo may be infinitely ſerviceable 
to the ' Concerns of Humane Life, by 
the Invention of new Machines or In- 
ſiruments : eſpecially if it be cultiva- 
ted by Perſons, who have both Abili- 
fy of Parts to invent, and alſo Abi- 
lity of Pocket actually to experiment 
their Inventions, and by this Means E | 
to compleat and perfect them. For it. | Vo 


, —— re amt e es: chic 
is to be fear d, that many an happy tho 
_ Envention has unfortunately miſcarried, 


becauſe the Inventer has not had 4 
good Purſe, as well as a good Head. 
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Whereis are explaigd ſuch Pakiha, as 
5 relate to Mechamicks | in never: 


a | HAT t or ne which 


given Weight, by any gi- 
ven Power, we call in one 


Word ho Mechanicks ; becauſe It . is led. 


chiefly ſerviceable - to the contrivin of 
thoſe Machines or Engines, which are 
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& ) The Word Rt = is derived from the Greek 


* 


- 61 Ty Var. 


— wth war 72 , : 


11 0 , tory 


teaches how to move any * 


nicks, 
what, and 


why ſo cal: 


Word Mu ar; from which is made likewiſe the corre- 


ſpondent Latin Word Machina; and from this is form'd 
our Engliſh Word Machine, From the ſame original Greek 


Word is deriv'd alſo the Word Mechaniſm, i. e. the Arti · 


ficial Contrivance of a Thing. 


(A 3) in 


- 
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Tbe Young Gentleman's 


in the Concerns of Life, whether Civil 
or Mitirary;, © | 
2. By 4 Weight is under ook in Mecha- 
| AWeight, Wc any heavy Body 3 by a Power (), 
er,ndMo- Whatever can move an heavy Body; 
_ rion, what and by Motion, Loeat Motion r the 
in techs Ghange: of Place. 
3. The Axiof Motion i is that right Line, 
The Axis round of the Body Ack jg mov d,. 2325 
> — Point of the Body deſcribes Ci 
what, * Whoſe Centers are all in the ſaid ri ght 
Line; and the Mid-point of the Aris is 
called the Center of, Mgtion, Thus Fig. 1, 
the Sphere or Bowl ADBE; being RN d 
to move round the right Line AB, the 
ſaid AB will be the Axis, and the Point 4 
tte · Center of its Motion: 
4+ That right Line, wherein any Body or 
—=_ =_ power endeayours to move, is call'd the 
Fon, what. Line of Direction, or (i imply. the Directi- 
e of the Motion of the reſpective Body 
\ or Power. And ifa Body moves in a 
Caorve Line, then the Dire&ion of its Mo- 
tion in each Point of the Curve is the 
Tangent of the ſaid Point. Thus Fig. 2, 
AB is the Direq ion of the Weight A, 


and BC the * of the Power at C. | 


rn. 


r ah — 


(*) Hence any weight or heavy Body is or may be e- 
ſteem'd a Power, in reference to any other Weight or hea- 
vy Body, which it do's or can move. | 

And 


5 e a „ th 
Ex. 3. the Taft cute T u f 
| 2 1 the ſe i Gal D r eh 9 
à Body mov Wund ihe E a 
che ſeveral Potts A, B. ang K. ure 

That Forde! 2 ith is inB © nt ov'd, 0 
400 whereby &y continua 10008 F The Mo- 
endeavour to doe. is calbd their. egen 1 
mum and aiſes from the Mt Bd 9 what. | 
(or Quantity of Matter NT 
= ape the Velocity T Shifinels _ 


-W Vit ti des. 
phe” of balls arlles 6. 


arte alen det 


the different Quahtity'of Matter in TheWeichs 
e ſaid Bois.” . Whence the Quantity 3 
of Matter in ny ody may be eſtimated wal rotheir 
its Wel or kane . eu n. 

caf Inch of Lead be fix times heavier than 
a cubical Inch of Wood, it may thence 
be inferr'd, that the Quantity of Matter 
in ſuch a. Piece of Lead is fix times as 
much, as the Quantity of Matter in a like 

Bulk of Wood: 
That Gravity or Weight, which ariſes 7. 
from the more or leſs Compateſs of — 
Matter naturally belonging to the ſeveral vb. 
Species or Sorts of Bodies, is called their 
Specific Gravity. Thus, although a 
Pound of Feathers be equal in Weight 

to à Pound of Lead, yet Lead is ſaid to 
be ſpecifically heavier than Feathers, be- 
' cauſe ej” is not ſo much Matter, nor 


conſequently ſo much Weight, in a Fea- 
(A 4) ther, 


8. 
Centrum cauſes, in Bodies a Tendency to move (if 
— not hindef d. by ſome external Force) 

downwards, or towards the Center of t 


' TheCenter that Point, through which a Plane pas, 
ſing divides the Body into two Segments 
or Parts of equal Weight. It is this Cen- 


. v * . 


ter of Gravity, which is of chief Regard, 


of Gravity, 


what... > 


10. 
Velocity, 
what. 
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*-tird Contrum Gravium, or the Center to 
Which heavy Bodies tend. \ 


Bulk with the Feather. 
Gravity or Weight being that, which 


- Earth, hence, the Center. of the Earth is 


The Center of Gravity in any Body, i is 


in Bodies, a Body being not properly 
ſaid to deſcend Ad aſcend, but when 
its Center of AO, deſcends or al- 
cends. . 

Velocity (which is the other 1 
ent, that together with Weight makes up 


the Momentum of a Bod y) is that Affec- 


tion of Motion, which is meaſur'd by 


comparing together the Length and Time 


of Motion. Thus Equal Velocity is that, 
whereby equal Length is paſs'd over in e- 
qual Time: Greater Velocity is that, 
whereby either a greater Length is paſs 4 
over in equal Time, or an equal Length 


in leſs Time: Leſs Velocity, when con- 


trariwiſe., Further, a Body that moves 
an hundred Yards, may be ſaid to move 
with double the Velocity of a Body, that 


moves 


ther, as in a Viece ot Lead of the ſame j 
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moves but fifty Yards in the ſame Time: 


and with 44 or thrice, the Velocity of 
ly, that moves but thirty, 


another Bo 


89 
328 


three Yards and one. third in the ſamm 


times the Velocity of a Body that moves 
but twenty-five Yards in the fame Time. 
And ſoon. 5 0 Eopbid txomnre 
The Momentum of a Body, ariſing (as 
has been obſerv'd g. 3. from its Weight 


and Velocity, may be known by multi, =entum of = 


11. 
Mes 


plying one of its Ingredients into the o: 5 15 


ther. And conſequently. the different Mo 
mentums of different Bodies may, [ 
known by multiplying the Weight o 
each Body into its reſpective Velocity. 
Thus ſuppoſe the Weight of a Body A to 
be ten Pound, and of any other Body B 
to be four Pound ; and the Velocity of 


B to be five times as much as that of A. 
The Momentum of A will be 10; vis. 


10 Pound, the Weight of A, being mul- 


tiplied into 1 for its Velocity, (the: Velo- 
city of A to B being ſuppos d as 1 tog,) 


the Product will be 10 for the Momen- 
tum of A. And in like manner, 4 Pound, 
the Weight of B, being multiply'd into 3 
as the Velocity of B, (for the Velocity of 
B to A is ſuppos'd as 5 to 1) the Product 
will be 20 for the Momentum of B. 
Whence it appears that the man, of 
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known, 
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12. 
The Fun- 
damental 
Theorem 
of Mecha· 
: nicks. 
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13- 
The gene- 
ral End 
and Effect 
.of Mecha- 
nical En. 
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| The Tong Getitleman's 
Bisdouble to that of A; being as 20 to 10. 
Hence is deduced che following Theo- 
rem, which may be ſtiled the' Fundamen- 
tal T heorem of Mechanicks, viz- Whez 
Bodies have their Pelocities reciprocally pro- 
portional to their Weights, their $6060 
rum will be equal. Let the Weight of 
a great Body A be 500 Pound, and 
the Weight of a little Body B be 52 
Pbund; afd let their reſpective veloci- 
tles be reciproeatly proportional, (3. e. as 
the Weight of A is to that of Bas 10 to t, 

ſo let the Velocity of B be to tllat of A 38 
10 to 1.) It will hence follow, that the 
Momentum of B will be jaſt equal to that 
of A. Namely. 500 Weight * i Veloci- 
ty co the Momentum of A; and 50 
Weight * 10 11 raw Cor 500 the Mo- 
mentum of B. 

Hence it appears, not only that any 
Little may hade its Momentum equal to the 
Momentum of any great Body which is 
mov'd with à given Veloci y; but alſo 
what Method is to be taker» itt order to 
make it aFnally have ſo; namely, by con- 
triving that This Velocity of the Power 
may be ſo much greater than the Veloci- 
ty of the Body to be mov'd, as the 
Weight of the Body is greater than the 
Weight (or ſome what equivalent there- 
to) of the Power. On which Account 
it is, that the foremention'd Theorem may 


be 


be juſtly eſteem'd the Fundamental Theo- 
rem of Mechanicks:ʒ foraſmuch as there- 
on is founded the:.\principat-Methknifm 
or Codtrivitce of Nackin's on'mectianigal 
Engin's, made uſe of to dra o vaiſe 
heavy Bodies; the whole End aud. Ef- 
fect of theſe being to givo ſuch a Velexi- 
ty to the Power; or (which comes cto 
the ſame) ſo to diminiſh the Velocity of 
the Weigl or heavy Body, as tharthe 
Momentum of the Power, may, be equal, 
or ſomewhat exceed; the Momentum of 
the Body fo to'be dravfitor faba: 
And this is what, will. be illuſtrafediin- 


od in 14. 
the ſix following Chapters; in reference Ibe ſimple 
to the fix ſimple and therefore primary 1 
Machims, or (as they are other wife-cal- in Number. 
led) Mechanical Powers ; to ſome one or 
more of which may be redur'd all o- 

ther mechanical Engin'ss And I ſhall 

ſpeak of them in the Order, wherein 

they here follow ( reckon'd up, viz. 


7 * E ut * N 7 5 " avs ——_— 4, 
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(*) Whereas ſome reckon but five ſimple- Marhines or 
mechanical Powers, comprehending the Balance under 
the Leaver; and others that reckon 11x ſimple Machines, u- 
ſually reekon the Balance as the firſt, and the Leaver as che: 
ſecond ; I have judg'd it more proper to agree with ther 
latter, in reckoning fix fimple or primary Machines, and 
to fall in ſo. far with the former, as to reckon the Leaver 
as the firſt, and the Balance as the ſecond ſimple Machine, 
ina ſmuch as the Leaver is a more fimple Machine than the 

Balance; 


n 


"_ — — — 
CEE 


mmm _ 


—  — — ————— 


9 — 


»» av 
— — - - 


„ ns 


— — 
— 


* — 
— _ * af 
— eco” ons — — 


BE „„ 
, 66363 
— * —y——ñ ——— — 


1 — 


2 — 


—— ͥ — — 


12 


1. 
41 Leaver, 
what. 


che Wedge as the fifth, and the Screw as the ſinth fimple 


Mechanic ks. 
Oder derbe Sd tos ge 
11. Pecki: . — Leader. £77390 10 T1775 
len on theiBelexce. Berto #15 
3.0 Axis in Peritrochia or the dale wu 
Ilir Heel. ene 
24. Trobhles or the Pulle x.. 
Ys! Cochlez or the Screw. | ln bo 
A" Penny the Wedge. . eq 593-0) 


« 3 5 ; ©. 
0 Ys 189 . I} tin 9 t, 4 W-; FS 1 8: ty 


* * 


43, 


pak 3 ad the Balance is TT other TTY a FORTE 
Kind of Leaver. In like whereas ſome reckon 


Machine, I have rather follow'd them, who have iiverted * 
the ſaid Order, foraſmuch as the Screw partakes more of 
mne HA y 
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nr 
of the Leaver. 


Ar - Leer: is ſo call d from the | 
principal Uſe thereof, which is le- 
vare, i. e. to lift or raiſe up heavy Bo- 
dies. For the more eaſy explaining the 
Mechaniſm thereof, it is here conceiv'd 
as a Line, which will not bend, and may 
be turn'd round about an unmoveabie | 
Point; which is therefore the Center of p 


its 


. 


its Motion, and reſts upon ſomeyhat 
therice eall'd the Fulcrum, i. e. Prop of 


W the Leaver. Thus Fig. 4 „Ag is the Las: 


ver, C the Center 15 its Motion, and F 
. the Fulcrum or Prop. 
The main Doctrine of the Leaver ma 


deſcribd by each Point of a Leader, and 


conſequently the Velocity of each Point fs 
11. 


Leader, is, as its Diſtance from the 


trum or Prop. For inſtance, the Laver 


AB (Fig. 4.) being mov'd from ACB to 


Aa, and the Point B will deſcribe the 
Arch Bb : and by reaſon of the like 
Sectors ACa and BCb, Aa is to Bb as AC 


fo BC, that i is, the Spaces deſcrib'd by 


the Points A and B are as their Diſtances 
from C the Center of Motion, or (which 
comes to the ſame) from F the Fulcrum. 


A and B, which draw the Arms CA and 

CB of the Leaver AB perpendicularly, 
the Spaces deſcrib'd by them will be (not 
the Arches Aa and Bb, but (the Perpen- 
diculars AD and EB, theſe being the 
Meaſures of the Progreſs made by the 
Powers according to their reſpective 
Direction. But the Triangles ACD 
and BCE * n therefore 


. 0 AD - 


40h, the point A will deſcribe the Arch 


Now Powers being apply'd to the Points 


' - 
= * 
* 3 
* 


WY 


V e. the fr 
be compriſed under two Theorems, where- 
of the firſt” is this: "The Space (or Arch) 


Powers according to their .reſpe@tive 
ire are 28 


Pave Center of M N 


Motion, or from) F the Fulcrum (). 


8 


(*) By Theorem p, of the Young Gentleman's Geo- 
_ metry. | F 

(F) For the Sake of ſuch as may not readily apprehend 
the foregoing Geometrical Demonſtracion of the firſt Theo- 
rem, che ſame is ſenſibly demonſtrared in Fig. 4, by actu- 
ally dividing BC, C, Bb, and BE into fix equa! Parts, each 
of the ſame Length or Compaſs as AC, aC, Aa, and Ab re- 
ſpectively. W . £2 
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demonſtrated : 
be eaſy to appreh 
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' 93 855 Mec han icke ® | "i TS: 
The Truth of the firſt Theorem being 


, 


* 


Cor Body) io be raid, as the Diſtance o 
the Weieht Caceording 55 itt (Il) Line of 


Diredtion) from the Fulcrum is to the Di- 


-, 


ſtance of the Power ( according to its Line 


of Direction) from the Euler um, will eoun- 
Zerpoiſe or hold up the Weight 5 and there- 
fore being à little increas#d, will raiſe the 


Weight. For it has been ſhewn under 
Theorewr 1, that the Spaces deſcrib'd by 
(the Powers apply'd to each End of the 
Leaver, i. e. by) the Power apply'd 


to 'one End and the Weight apply'd to 
the other, are proportional to their 


ſaid Diſtances from the Fulcrum ; and 


conſequently that their Velocities, be- 
ing proportional to the ſaid Squares, 
are alſo proportional to the ſaid Di- 


ſtances. Wherefore if (Fig. 5) CA the 


Diſtance of the bats. from -the Ful- 


crum be to CB the Diſtance of the Power 


from the Fulcrum, as the Power P is to 
the Weight W, it will follow; that 
likewiſe the Velocity of the Weight 


. 


„(. Thus Fig. 5, Bb the Line of Direction ot the Power 
Is Fin trom C co Aa, the Line of the Weight's Di- 
rection. | 2 N 5 


will 


' 


2. 


ted and apprehended, it will meren 
end the Truth of N the the ſecond. 
ſecond: Theorem, which is this: In 2 

Tender the Power, which it to the Weight 


4. 
Theorem 
the ſecond 


by an Ex- 


. The Tang Beetle 75 
be to the Velocity of the EE as 


-— in 
A 50 1 — is to the Weight. And con- 
ſequently the Momentum of the Power 


will (by the Fundamental Theorem Chap. 
x. F. 12) be equal to the Momentum of 
that Weight; and therefore the Power 
will be able to ſuſtain the Weight; and 
if it be but a little increas d, (either by 
the Addition of ſome new Force, or elſe 


by increaſing its Diſtance from the Ful- 


Nd it will be able to raiſe the 
* 8 


1 Example will illuſtrate the Matter. 
Let W the Weight of the Body to be 


rlejtrared rais d be 120 Pound, and the Force of 


the given Power 5 be equivalent only to 
20 Pound, and conſequently the Weight 
be to the power as 6 to 1. Whonbore P 
the Power being ſo placd at B (Fig. 5) 
and W the Weight at A, as that BC may 
be fix times as long as AC, in ſuch a Po- 
ſition the Power will have a Force ſuffici- 
ent to counterpoiſe, and ſo hold up the 
Weights. For the Velocity of P to that 


of W being proportional to their Diſtan- 


ces from C, will be in this Caſe as 6 to 
1; and conſequently the Momentum of 
P, viz. 20Pound - 6 Velocity = 120 = 
220 Pound * 1 Velocity, the Momentum 
of W. Wherefore the Power P (having 2 
little new Force added to its own, or) 


bins remov'd a little farther diſtant | 
Hom 


4 


TTV fo. £34... wc 3c - © 


TH 1 00 Iſerhanetbe. Ao y 3h 
from C, 50 tO b, and ſo having its Ve- 
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locity a little more inereas'd, it will raiſe 


Withe Weight. For ſappofing bC to be 


to Aas 7 tot, the Momentum of P wilt 
be 30 Pound 9 Velocity = 140-4; which 
is conſiderably greater than the Momen- 
tum of W at A, this being (as: afore 
found) but 1b. 


22 Truth of che 


8 Theorems, and theſe be- 
ng applicable te the other following me- 


1 
th E 2d — X · 


preſs'd in 


chanical powers, as well as to other Ca- ſbort ty, 
ſes in reſpect of che. Leaver, it may be of ers. 


Uſe to obſerve here that the Import of 


the ſecond Theorem here laid down will 
for the future be expreſs'd i in ſhort thus 5; 


P: W:: CW: Cp, that is, As — ww 


as the Force of the power P is leſs than 


the Weight W. ſo much leſs muſt be 


CW che Diſtance of the Weight from the 
Fulcrum, than Cp the Diſtance! of the 
Power from the Fulcrum. + 

And as this has been ſhewn to hold 


6. 


good in reſpect of the Leaver (as it is cal 7h kinds 


led by ſome) of the firſt Kind, that is, 
when the Fulcrum is between the Power 
md the Weight ; ſo does it hold good al- 


ſo in reſpect of the Leaver of the ſecond 


Kind, when the Weight is between the 


of Leauvers. 


Power and the Fulcrum #and alſo in the 


Leaver of the third Kind, when the Pow- 
er is between the * and the Ful- 


(B) crum, 


The Toung Gentleman's 
cruth. For in a Leaver of the ſecond 
EKind, the Weight Wat D (Fig. 6.) has 
(as is obvious) juſt the ſame Effect, as it 
would have on the other side of the Ful- 
| etum and; at the ſame Diſtance from it, 
viz. at E. And in like manner the Pow- 
er Pat D (Hg. 7.) has juſt the ſame, Ef. 
fect, as it would have — CE being e- 
anal to CD. Wherefore the Leavef of 
the ſecond and third Kind being thus in 
ůꝛJ ekflfect no other than that of the firſt, the 
Mechaniſm of theſe depends on the ſame | 
Theorem or Rule, as the W of 
that, air. P: WCW: CP. 5 
. To the Leaver of the firſt Kind are re- 
Sciflers, ferr'd Sciſſers, Pinchers, Snuffers, and 
ere. Kings ſuch-like Inſtruments, they conſiſting. a9 
of Lea it were of two ſuch Leavers join'd- toge- 
e ther, but acting contrary Ways ; as may 
* be eafily apprehended by Fig. 8 and 9. 
Io the Leaver of the ſecond Kind are re- 
ferr'd the Oars of a Boat, as alſo ſuch i 
Cutting-Knives as are fix'd at one End. | 
T Fo the Leaver of the third Kind may be 
referr'd a Ladder, lifted up between the 
two Ends, in order to rear it againſk a 
Wall. Laſtly, an Hammer drawing a 
| Nailisreferr'd to a fourth Kind of Leaver, 
call'd a Bended Leaver. For the Nail is 
as the Weight at one End A, and the | 
Hand of him that draws the Nail is as 
* Power a1 at the other End B of the Lea- 
ver 5 


ichinichtl iS 
etz 26d the Point G C Fig. 855 take 
pe lcrum- And this Abs, Kind of Lea- 
ver is likewiſe: reducible to the Firſt, the 
Weight or Nail at A having the ſame Et. 
tect, as if it were at @, Figl 100. 
A8 4 Weight carried on a Pole or Stick 8. 
between two Perſons may alfo be referr'd I t 
to a Leaver of the ſecond Kind, ſo.it may tk 
of Uſe to obſerve, that agreea- Bouy on a 
bly to the foremention'd Theorem Pf f %, ,, 
W:: CW : CP, the Weight may be fo » to make 
2 as that the Burden Ades ſhall 5 —— 
ortion d to the different Strengths bl is rhe 
of the two Perſons; Namely, by taking feen, 
P to denote the Strongeſt, W the Weak- hem < 
eſt, and C the Weight. For then the Im- char cary, | 
port of the ſaid Theorets will be this:“ Slick, 
e As much as the Strength of the Strongeſt 
y WH Þ is. greater than the strength of the 
9. WW Weakeft W. fo much muſt CW the Di- 
c- i tance of the Weight from the Weakeſt, 
h be greater than CP the Diftance of the 
d. Weight from the Strongeſt. For Exam- 
e ple, ſuppoſe the Leaver or Stick PW, 
1G (Hg. 11) to be divided into 18 
Parts, and the Perſon at P to be twice as 
ſtrong as the other at W, then C the Bo- 
dy to ” be carried muſt be plac'd at 6. For, 
then the Diſtance CW will contain 12 0 
the equal Parts, into which the Stick is 
divided, and the Diſtance ,CP will cons 
tain but 6 of chem and ſo CW=2CP, 
(B 2) aud 


= l 
> - FI 
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and conſequently the weakeſt Perſon at e 

W will coſtal Sy half ſo much as the is b 

ſtrongeſt at P. In like manner, if the Bo- on. 
dy c were placed at 3, then the Perſon at By 
P would ſuſtain 5 times ſo much, as the we a 
bother at W; becauſe then the Difpro- is me 
N of the Diſtances would be as 15 like) 
o 3, W containing 15 of the equal its E: 
"Pires: whereof cp would contam- but 3. y. b 
._ Laſtly, if the Body c were placed at 9, ſo f 
that is, in the Mid- point of the Stick or its L 
Pole, then each Perſon P and W would And 
- bear equal Burden, becauſe the Diſtance more 
= Diſtance 9W. - „ 5733 10 the II 
„ Angi the lame Theorem holds good in hol 
The lite refpett of Drawing (as well as Carrying) tende 
erplan any Burden. For (Fig. 12) let WC re- 


ng 4 preſent the Pole of any Waggon or form 
Weight. Coach, and AB the Crofs-bar, at whoſe erum 


Extremities are Spring-trees: DE and FG, bow 
to which are to be faſten'd the Horſes or Diſta 
| the like. Becauſe A and B are equidiſtant Steat 
| from C, therefore the Horſes at A and B for tl 
will draw equal Weight. Whereas if | 
one of the Spring- trees be faſten d at T 
then the faid Horſe would draw a fourth 
Part more of the Weight W, than the o- 
ther Horſe at B; foraſmuch as the Di- 
ſtance Cr is a fourth Part leſs than the 
Diſtance CB. And ſo if one Horfe was 
faſten'd to 2, he would draw twice ag 
much as the other at B; becauſe C2 
83 . 15 


| 


d 
L 
$ 
5 
2 
S 


Abi 4 


is but the Half of CB. 4 And ſo 


on. 


By the Mechaniſm of the Leaver may 10. 
we al account for the Reaſon, why it Other Yar- 
is more difficult to lift up a Staff (or * G40. 
like) of any Length, at or near one of 
its Ends, than nearer the Middle: Name 
ly, becauſe the Momentum of any Thing 
ſo ſuſtzin'd increaſes proportionably to 
its Diſtance from its Fulcrum or Prop. 

And the ſame is the Reaſon, why it is 
more difficult to lift up a long Staff or 
the like, at Arm's Length, or keeping the 
whole Arm from Hand to Shoulder ex- 
tended out, than when we bend the Arm 
at the Elbow. Namely, becauſe in the 
former Caſe the Shoulder is the Ful- 
crum, or Prop, in the latter Caſe the El- 
bow ; and therefore in the former the 
Diſtance of the Weight from the Prop, is 
greater than in the latter. And ſo much 
for the Leaver, 3 
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The Beam 8 3 


2 Ba- 
nce no - 
ther than 


4 Sort of 
Teaver. 


2, 
The Me- 
ehaniſm 
of the Ba- 
Lance ex- 
plain'd in 
general. 
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HAF, III. 
Of the Balance. 


+ HE Beam AB (Fig. 13 and 19) i is 
the principal Part of a Balance, 
and is no other than a Leaver of the firſt 
Kind, which (inſtead of reſting on a 
Fulcrum at C the Center of its Mo- 
tion) is held up from above by ſome- 
what faſtened to C its Center of Mo- 
tion. 

Hence the Mechaniſm of the Balance 
depends on the ſame Theorem as that of | 
the Leaver, viz. P: W:: CW: CP. 
Where, taking P to denote the known 
weight. W the unknown Weight, and 
C the Center of the Balance's Motion, the 
Import of the Theorem i is this: As much 
as the known Weight is leſs than the un- 
bnown Weight, G. e. the Weight ſought of 
the Body weight d) ſo much will the Di- 
Rance o of the unknown Weight from the Cen- FT 
rer of Motion be leſs this the Diſtance of 
the own Weight from the Center of Moti- 
on, where the ſaid two Weights will counter- 
poiſe one the other; and conſequently the 
Rnown Weight ſhew the nay of the um- 


Enows Wagh . 95 
For 


\ 


ſtance CW, or which is the ſame, CA) 


For Inſtance, on the (*) Roman Ba- 3. 
lance. or Steel-yard, (Fig. 13) the un- ThMHecbe- 


ing apply d to A, and the known Weight — 
p being mov'd up and down, nearer and — 
farther (from the Point C) upon the Arm H exptain- 
BC, and being found at the Diſtance 3 4. 


to counterpoiſe W the unknown Weight, , 


thence it follows, _ (viz. becauſe the Di- 


ſtance CP is 5 times greater than the Di- 


that the Quantity of the unknown Weight 
W is 5 times as much as the Quantity of 

P the known Weight. And therefore, 
ſuppoſing P to be one Pound Weight, W 
will be five Pound Weight; or ſuppoſing 

P to be two or three Pound Weight, W 


will be reſpectively ten or fifteen Pound N 


Weight. 


But now, becauſe in a common Balance 4. 

or a (F) Pair of Scales, (Fig. 14) the TheMecha- 
two Arms CA and CB of the Beam AB no 
are (or ought to be) always of an equal Balance or 


Length; hence the Quantity of the 23 


explau s. 


—— 
____— 


* eh, »» add ” 


* — 
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C*) This Sort of Balance is call'd the Roman Balance, from 
its being much us d at Rome, And it is commonly call d a 
Steel. yard, as being a Sort of Yard made of Steel. ; 

(F) So the Larins call this Libra or Balance by the pe- 

culiar Name of Bilanx (namely a binis Lancibis, i. e. 

from the two Scales belonging chereto) whence is made 


our Engliſh Word Balance. 5 be oh 
TT” "WY known 
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known Weight P in one Scale mult in it 
_- - ſelf be equal to the Quantity of the un. 
© known Weight W pat in the other Scale. 
And therefore the Quantity of the un- 
known Weight on this Sort of Balance is 
found out, (not as on the Steel-Yard, by 
moving one and the fame Weight nearer 

or farther from C the Center of Motion, 
but) by putting in weriovs Weights of 

| known Quantity, till the known Weight 
counterpoiſes the unknown ; and there- 

| by ſhews the Quantity of the unknown 

Weight. 

&. PFor it is to be obſerved, that the 
Bare . known Weight then ſhews the exactly 
— true Quantity of the unknown Weight, 
lein. when the one counterpoiſes the other. 

For the uſual Cuſtom of making the 
Weight of the Thing ſomewhat zyore 
than counterpoiſe the known Weight by 
u hich it is weigh'd, (even ſo as to bring 

the Scale, wherein the Thing bought is 
put, to the Ground or the like) has aroſe 


rom Tradeſmen being willing to get Cu- 


ſtomers, by allowing them ſomewhat more 
than ſtrictly true, or (as it is commonly and 
( properly enough call'd) bare Weight. 
And conſequently, when we lay of a 


; 

— — — 
Ins — = , 
» S 4 „ * . 


(*) Becauſe hereby i is denoted true Weight, conſider'd 
barely as to Weight, without wy, reſpec to Cuſtom, Oc. 
Tradef- 
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Tradeſinin, who is more free than all- * 
nary in what he allows over bare Weight, 

that he makes good Weight, or better 39518 
Weight than atothef.” that makes oniyx 
bare Weight ; thereby is to be under. 
ſtood, not that the Weight he makes is 

true, or truer, than the other's, in reſ pect 

of its intrinſick Quantity; but that it is 

good, or better than the other's, in reſpect 


of the Advantage accruing to the Buyer, 


by what is allow'd over bare or true 


Weight. 


it is alſo not to be omitted, that as one 6. 


Body is ſaid to counterpoiſe (or to be of Standing 
equal Weight with) another, when they #*i2*t,and 


being ſeverally apply'd to the two diffe- N 


rent Arms of the Balance, the Beam lies vr. 
(a) horizontally or equally level; ſo this 


is call'd in our common Speech (not on- 
ly bare Weight for the Reaſon afore aſ- 
fign'd, but alſo) ſtanding Weight, foraſ- 


much as in this Caſe the Beam ſtands e- 


ven, neither Arm aſcending or deſcend- 


ing more than the other; and for the 


fame Reaſon the Bodies: in this Caſe 


are ſaid by the Learned to be in Æaquili- 


Hrio. 


— 


— 20 


(x) This is ſhewn by the Piece of Iron CE, calrd the 
Tongue, , png in a Line or directiy between TX and 


Laſt] Y, 


* 
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Laſtly, it is well to be obſery'd, that 


2 di/- the Truth or Exactneſs of (a common 
gl be. Balance or) a Pair of Scales greatly de- 


Fa of 
ar 
Scales, 


Arm BC to contain but nine ſuch other 


nding on its two Arms being of equal 


themſelves, hence it follows, that if one 
Arm be longer than the other, it will be 
a falſe Balance, or not ſhew the true 


of the Thing weigh'd. For , inſtance, 
ſuppoſe Fig. 14, the Arm AC to be divi- 
ded into ten equal Parts, and the other 


Parts; and conſequently AC to be longer 
than BC by a tenth Part. It will follow 


by the Fundamental Theorem (Chap. 1. 


F. 12, or which comes to the ſame, by 


this Theorem, P: W:: CW: CP,) that 


2 known Weight of nine Pound ap- 
ply'd to A, will have its Momentum e- 


qual to a Body of ten Pound Weight ap- 
ply'd to B; for 9 Pound « 10 Velocity 


— 
— — 


Momentum = 10 Pound * Velo- 


city,) and conſequently will counterpoiſe 


one the other in ſuch a falſe Balance, 


though their Weights be not equal in 
themſelves. The Way to diſcover ſuch 


falſe Balances, is by changing the known 
and unknown Weight into the contrary 


Scales. For upon ſuch a Change, the In- 
equality of the Weights will manifeſt- 


ty 


Length, as well as of equal Weight in 


Quantity of the unknown Weight, or 
(which is the ſame) the true . Weight 


3 
_ 


K 


* 
. 


* 


* * 
. i 
= 


4 
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y (F) appear 5 whereas in a true Balance | 


or Pair of Scales, ſuch a Change of the 


Scales will make no Difference, there be- 


ing no Difference in the Length of the 
Arms, and conſequently no Difference in 


the Velocity of the known or unknown 
Weight, to which ever Arm they be ap- 
ply d. Xo 


* 
- * - # * . * — 4 * * 
o * . S 
*. 


) Namely, the Body being of 10 Pound Weight in it 
ſelf, and when apply d to A, its Velocity being in reſpect 
to the velocity ot the known Weight of 9 Pound in it ſelf, 
as 10 to 9, the Momentum of the ſaid Body will be (10 


pound * 10 velocity =) 100 ; whereas the Momentum o 


the known Weight will be (9 Pound * 9 Velocity =) 81, 


+ And conſequently the known Weight will not counterpoiſe 
the Body by 2 ese deal put in the Scale ot the — 
Arm BC, though it did fo in the Scale of the longer Arm 
. >. SS TOMS? 
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CHAP. y. 
Of the Axle in the Wheel. 


T* HIS Machine is fo called, as con- 1. 
fiſting principally of a Wheel BGHI, Thi: .. 

and a Cylinder or Axle ADEF. A- Paw 

bout which Axle goes the Rope, which 7 

draws the Weight W, when the Axle is 

turn d round by means of the Wheel; as 


Fig. 15. 8 
1 od AS 


_—— - + Mechanics. 


22. "As the Balance i is no other than A Lea. 


1: is in ef. ver, particularly. apply d to finding out 


fedt no o- 


e Quantity of an unknown Weight, ſo 
Leaver,ce- this mechanical Power is no other than a 
pableof be- Leaver, apply'd to the ſame Uſe as other 


N und Leavers are, (viz, to the raiſing up of 


_ . great Weights) with this particular Ad- 
en, vantage added thereunto : Namely, where- 
as in the Leaver-itſelf-the-Motion can be 
continn'd only for ſo ſhort a Space Aa, 
( Fig. 4 and 5) as is anſwerable to the 
lie Diſtance CA between the Fulcrum 
and the Weight; in this Invention that 
Inconvenience is remedy 'd, foraſmuch as 
by continual turning round the Wheel, 

and ſo (together with it) the Axle, the 
Weight may be raisd to any Height, as 
Occaſion ſhall require, 

As this Machine is no other than a 


land. furn'd round, ſo the Fulcrum of it or 
Center of its Motion is C, and the End 
B is that to which the Power P is to be 
apply'd, and A the other End, to which 
is to be apply'd the Weight W to be rai- 
ſed. Hence the Mechaniſm of this En- 
gine depends on the ſame Theorem, as 
that of the Leaver, wiz. P: W; CW: : 
CP; that is with particular reference to 
this Machine ; If as much as the Power 
is leſs in it ſelf than the Weight, ſo much 
the Radius of the Axle be leſs than the 


Radius 


Irs Meche- Leaver AB eapable of being perpetually : 


| . Mechanicks, 
Radius of the Wheel, (and conſequent- 
ly ſo'much the Circumference of the Axle 
be Teſs than the Circumference of the 
Wheel; and conſequently: fo much the 
(+) Velocity of the'Weight-apply'd to 
the Axle be leſs than the Velocity of the 


Power apply d to the Wheel) by the Fun- 


damental Rule the Momentum of the 
Power will be equal to that of the 
Weight, and conſequently the Power will 
eounterpoiſe and fo hold up the Weight; 


and therefore the Power being a little in- 


creas d will raiſe the Weiglilt. 
The Momentum of the Power thus in- 
ereaſing according to the Diſproportion 


between the Circumference of the Wheel, 


. * - 
„ 
45 7 l 
4 


of 9 


An 0 


4. 


bſer= 


- 
Py 


vation. 


„ © 
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and the Circumference of the Axle; 
Hence it follows, that the Line of the 


Power's Direction muſt always touch the 
Circumference of the Wheel, ſo as to 
make a(Hright Angle with the Ray, that 
ſo the ſame Diſtance between the Pow- 
er and the Center of Motion, and conſe- 


quently the ſame Momentum of the Pow-. 


er, may be every where alike preſerv'd ; 


— 
* 


ee. * 


ti 


—— >. 


(+) For the Weight, as is evident from the Make of this 
Machine, is rais'd up no more than is anſwerable to the 
Length of the Rope that goes round the Axle in one turn- 
ing round of the Wheel. 

(*) Thar is, ſo as to be the Tangent of the Point of the 
Circumference it couches, according to Chap, 1. $. 4. 

ö 


which 


Mar bamikilt. 
which otherwiſe would not be ſos For 
ſuppoſing (Fig. 16) the Power P to be 
ſo apply d to any Spoke, viz. G, as that 
the Line of its Dire&ion be GH, then the 
Diſtance of the Power is to be eſteem'd 
IC, and fo leſs than BC, and conſequent- 
ly the Momentum of the Power will be 
ſo much leſſen d. as IC is leſs than BC. 


30 


Whereas if the Line of the it s Di- 


rection were , then the Momentum 
of the Power at C would be the ſame 
48 At 

5. To this third fim ple Machine are re- 
Machines ferr d the Crane Fig. ne and all Engines 
2 . which conſiſt of Wheels with Teeth, as 
table Fig. 18, and alſo the Machine repreſent- 
ene. ed Fig. 19, and the ſeveral other Inſtru- 
ments repreſented Eig. 20, 21, 22, 23, 
24 and 25. In — of which A repre- 
fents the Place of the Weight, B the Place 


of the Power, and C the — of e | 


on or Fulcrum. 


CHAP. 


5 0 6 
— » 1 * C n 7 
+ | F b 
* 21 % - . : "s ” # 
* 
7. , 
- > 1 1 81 P EY * 1 


CHAP. V. 
e he Fully, 


H 1E Pully is a Machine conliting 1. 
of one or more little Wheels, a- 4 Pull 
— which a Rope being put and * 
pull'd at one End, the ſaid Rope makes 
the ſaid Wheels turn round upon their 
proper Axles, and thereby at the ſame 
time moves the Weight or Body to be 
drawn or rais'd, as Fig. 26, 27, 28. 
If the Pulley i is ſelf be faſten d up to 
ſome Place or Mark H, and the Weight 4: er 
W be apply d to one End of the Rope, P9% 
_ the Power P to the other, (as Fig. is Ve os _ 

26,) then it is evident, that as much ag ind. 
the Weight W aſcends, juſt ſo much the 


Power P deſcends ; and conſequently that 


they both move with the ſame Velocity. 
Wherefore i in this Caſe the Force of the 
Power muſt in it ſelf be equivalent to the 
On of the Body raisd, in order to 


” 
. 0 * * 
" - 1 K 
— * 
— 
9 . 


no The Effect of this Machine being thus produc'd by 
pulling the Rope, hence it rakes the Name of the Pulley a- 


mong us. 
ake 


| 

_ 
9 
I 
= 
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make its Momentum equal to the Mo- 
mentum And henee it fol- 
lows, that ſuch a Pulley does not con- 
duce to the increaſing of the Momentum 
of the Power, or (which comes to the 
ſame) to the dectesling the Momentum 
of the Body or Weight to be rais d; but 
only to the keeping of the Cords from 
- fretting; and ſo to the making them 
move more eaſily than "otherwiſe they 
Would. And, becauſe when there is Oc- 
exfioti'to apply ſeveral. Pulleys together, 
ſach as are of this Sort, (or which the 
Ropes go over V are q are plac 'd*uppermoſt ; 
hence theſe are diſtinguiſh! d by dhe Nane 
of Dyper Pulleys. 

33 But if (not tlie Pulley it ſelf, but) one 
_ End of the Rope be faſten d to an Hook 
is t H or the like, and the other End be pul- 
ifs Vie ex- led by the Power P, and the Weight W 
Pans: hangs on to the Pulley, (as Fre. 27,) 

then it ĩs evident, that in order to raiſe 
the Weight W one Foot, each Part AH 
and Bh of the Rope tmuſt be ſhorten'd one 
Foot, ( reckoning | Jowinvards from- the 
Hook H and its oppoſite Point 50) and 
confequently that in the ſame Time the 
Power P muſt move two Foot. Where- 
fore in this Caſe the Velocity of the Pow- 
er will be double to that of the Weight ; 
and conſequently if the Power be Tab. 
duple to the Weight, that is, as 1 to 2, 


4 


its e uff be equal to that ot 
the Weight, and ſo will ſuſtain the 
Weight. And therefore if the Power be 
4 little increaſed, it will be able to raiſe 
the Weight. And the ſame holds when 
there are two Wheels or Pulleys, one 
Upper and one Lower, as Fig. 28, 

If (as Fig. 29) thete be three Wheels, 4. 
and ſo the Rope goes from Wheel to 2 
Wheel three times, viz. from A to B, and ow 
from.C to D, and from E to F; and 
conſequently in order to rails tle 
Weight W one Foot, each of the three 
Parts AB, CD, and EF of the Rope 
muſt be ſhorten'd one Foot, which 
can't be done without the Power P mo- 
ving forward three Foot in the ſame 
time; in this Caſe the Velocity of the 
Power will be triple or thrice. as much, 
as the Velocity of the Weight. And 
therefore, though the Power be to the 
Weight but as 1 to 3, yet its Momentum 
will be equal to the Momentum of the 
Weight, and ſo will ſuſtain it; and if the 
— be but a little nen will raiſe 
the Weight. 

In like manner it is evident from Fig, 3 
30, that if there be four Wheels, and 65 The ſame 
the Rope goes four times frome Wheel to ator ah 
Wheel; then, while the Weight W is 5. 
rais'd one Foot, the Power P will move 
forward four Foot ; and conſequently 


(C) Oo . 
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er P, which is to the Weight W but as x 


The Young: Gentlemar's 
(by the fundamental Theorem) | a Pow- 


to 4, will have its Momentum equa] to 
the Momentum of the Weight; and 
therefore being a little 1 increas d, will raiſe 


= 


6. 
The general 
Theorem 
relating to 
the Pulley. 


7. 
Examples. 


Hence the Mechanil m of the Pulley des 
pends on this univerſal Theorem, wiz. 
If a Power is to the Weight, as 1 to the 
Number of the Ropes (itte. of the Parts 
of the Rope, '21s. Dal and Bh Fig. 27, 
and 283 n: AB, CD, EF, Fig. 29, and 
AB, CD, EF, -GH, Fig. 30% apply'd to 
the lower Pulleys, then the Power will be 
able to hold up the Weight; and there- 
fore being a little increas'd, will raife the 
Weight. 

For Inſtance, Suppoſe the Weight to 
be rais d 260 Pound, and the Power in it 
ſelf to be equivalent only to 180 Pound, 
i. e. the Power to be to the Weight as 1 


to 2.) therefore one lower Pulley (ei- 


per pulley) will render the Momentum 


ther with, as Fig. or without an up- 


of the Power equal to that of the 
Weight, namely, by rend'ring the Velo- 
city of the Power double to that of the 


Weight. For 180 p. * 2 Velocity = 360 


Momentum = 360. p. * 1 Velocity. If The 
Power be to the Weight as 1 to 3, or e- 


quivalent only to 120 Pound. then there 


muſt be three Wheels, that ſo the Velo- 
city 


M 
r 
0 
d 
e 


Velocity. And ſo on. | 2 } | or ad 


nv OMecDanichs, of 33 
eity of the Power may be triple to thlat 
of the Weight; Namely, t 20 p. 3 Ve 
locity = 360 Momentum = 360 p.21 


4 
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O the Screw. 


THE Screw, which makes here the x4; 

_ | - fifth (imple mechanical Power, is TheSccew, 
a Right Cylinder, having ſeveral Riſings u. 
and Hollows alternately winding round 
it in a ſpiral manner. It conſiſts proper- 


ly of two Parts, one call'd the outward 
Screw, the other the 7#ward ; namely, 


becauſe the former receives the latter in- 

to it. Whence the inward” Screw is o- 
therwiſe call'd the Male, and the out- 
ward the Female Screw. The Male or 
inward is denoted Fig. 31, by MS, the 
Female or outward by T5. 

This Machine is chiefly us'd to ſqueeze ,; 
or preſs Things, and by that Means, in , yes. 
ſome Caſes, to break Things. It is alſo 
ſometimes uſed to raiſe up any Weight, 

as to thruſt it forward. 


(C 2) For 
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— 
© Fachine, the Female along the Male) it is uſual to 


Th 
—— Theorem particularly apply'd to the Fa- 


3. For the more eaſie Uſe of this Ma- 
Thism Chine, (i. e. for the more eaſie moving 
the Male Screw through the Female, or 


apply thereto an Handle or round Stick, 
AB ; and ſo to the Power of the Screw 
to ad join alſo the Power of the Axle with 


the Wheel: The Handle or Stick AB by 


its turning round, ſupplying the Place of 


a Wheel, and the Cylinder of the Screw- 


being as the Axle to the ſaid Wheel. So 
that this Machine is in ſome ſort a com- 
pound Michine. _ 2 
41 Nov the Effect of this Machine de- 
15. pends upon the ſame fundamental Theo- 
Dem rem, as the other; which fundamental 


ly app'4 brick or Make of this Machine, ſtands 
fo this Ma- 


chine. thus: If, as the Compaſs deſcrib d by the 


Power in one Turn of the Screw, is to the 
Interval or Diſtance between any two im me- 
diate ſpiral Windings ( meafur'd according 
to the Length of the Screw) fo is the Weight 
or Reſiſtance to the Power; then the Power 
and the Reſiſtance will be equivalent one to 
the other, and conſequently the Power be- 


ang a little increaſed will move the Reſi- 


ſtance. ; | 


5. For it is evident from the bare Inſpe- 
The ſume ction of this Machine, that in one Turn 


_— of the Screw, the Weight P (Fig. 33) is 


provd. fo much lifted up, or the Reſiſtance O 


(Fig. 


* 


Pd. £2 i. att. ũ˙⁵4 
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Fg. 31 and 32) is ſo much remov'd, or 


the Thing to be preſs'd is ſqueez'd fo 
much cloſer together, as is EG the Di- 
ſtance between two immediare Spirals ; 
and in the ſame Time the Power (ap- 
ply'd to A or B) to be mov'd ſo much, 
as is the Compaſs AB, deſcrib'd by the 


ſaid Power in one Turn of the Screw. 


Wherefore the Velocity of the Weight (or 


whatever anſwers thereto) will be to the 


Velocity of the Power, as is the ſaid Di- 
ſtance between the Spirals to the Com- 
paſs deſcrib'd by the Power, in one Re- 
volation or Turning round of the Screw, 
And therefore by the fundamental Theo- 


rem, if as the Power is to the Weight, ſo 


the Diſtance between the Spirals to the 
Compaſs deſcrib'd by the Power, the 
Power will have its Moment equal to 
the Moment of the Weight or Re- 
ſiſtance. And therefore the Power, be- 
ing a little increasd, will overcome the 
Reſiſtance, . 


a, 
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of the Wedge, 


HE Wedge is commonly made of 
lron or ſome harder Sort of Mat- 
ter, in Shape of a Priſm not very high, 
whoſe oppoſite Baſes are Tſoſcelar Trian- 
gles. The Height of either of theſe Tri- 
angles is eſteem'd the Height of the 
Wedge, and the Baſis of either Triangle 
is eſteem d the Thickneſs of the Wedge; 
and the right Line which joins cogerher 
the Vertexes of both the Triangles is cal- 
led the Edge of the Wedge; and the Pa- 
rallelogram which joins together the Biſes 
of the two Triangles, is call'd the Back 
of the Wedge. | 
The Effect of this Machine depends 
likewiſe upon the ſame fundamental 
Theorem as the former ; which being 
particularly apply'd hereto will = 
thus: If the Power directly apply'd to the 
Back of the Wedge be to the Reſiſtance to be 
overcome by the Wedge, as the Thickneſs of 
the Medg e 1s to ita Feist; then the ſai 
Power wil be equivalent to "the R epſtance 3 
and therefore being increas d will overcome it. 


That 


| 


to be overcome by the Wedge. 


Mechanic ks. 9 
That Tenaciouſneſs or Firmneſs, where- 
by the Parts of the Wood (or the like) 


The ſame 


adhere one to the other, is the Reſiſtance {79 # 


is evident, that while the Wedge is drove 
into the Wood, the Way or. Length 
which it has gone according to its own 


Propenſity, is (Fig. 34) BA; and in 


like manner DC is the Way or Length 


 luſtrated or 
Now 1t prov. 


gone in the ſame Time by the Impedi- 
ment, 3. e. the Parts C and D of the 


Wood are ſo far divided aſunder. And 
accordingly as the Wedge is drove down 


further and further along its Height,. ſo 


the Parts C and D of the Wood are divi- 
ded more and more along the Thickneſs 


of the Wedge ; and in the whole Pro- 


greſs proportionably, as is evident from 
the Nature of a Triangle, Whence it 
comes to paſs, that if as the Thickneſs 
of the Wedge (i. e. the Way of the Im- 
pediment, and conſequently its Veloci- 
ty) is to the Height of the Wedge (i. e. 
the Way, and conſequently the Velocity 
of the Power,) ſo the Power to the 
Impediment or Reſiſtance, then the Mo- 


mentum of the Power and the Impe- 


diment will be equal the one to the o- 
ther; and conſequently the Power be- 


ing increas'd will overcome the Reſiſt- 


ances | 


(C 4). =. 
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4 To the Wedge may be referr'd all 
Other In- Edge-Tools, and Tools that have a 
N ſharp Point, in order to cut, cleave; 
the Wedge. lit, chop, pierce, bore, or the like : As 

Knives, Hatchets, Swords, Bodkins. 
e. And thus 1 have gone through the 
fix ſimple Machines, or primary mechay 
nical Powers, fo far forth as ſees re- 
quiſite to the Deſign of this Trea- 
"+ 5-7 
It remains only to obſerve here, that 


L 28 the Word Mechanicks in its largeſt its ] 
. Acceptation comprehends the whole Do- ten 
ſtrains ctrine or Science of Local Motion; ſo in the 
77 4 ned. a reſtrain'd Senſe it is taken particularly Do 


to denote the Doctrine of Motion, as ren 
apply'd to Machines or mechanical En- bei. 

ines, the more ſimple of which we have the 
= yy . cha 


CHAP. | or 


j _ 
. .© 


in a reſtrain'd Senſe is taken to denote 


of natural Bodies conſider'd in themſelves 


Mechanicks. 


CHAP. VIII. 
F Staticks. 


HE Word Staticks denotes in the rx. 
Greek La nguage the Science or Do- Sricks, 
ctrine of Weights, and conſequently in *. 
its largeſt Acceptation, is of the ſame Ex- 
rent with Mechanicks in the largeſt Senſe 
thereof, both comprehending the whole 
Doctrine or Science of Motion with refe- 
rence to the Weights of Bodies; and fo 
being ſynonymous Words, or Words of 

the ſame Import. But as the Word Me- 
chanicks in a reſtrain'd Senſe is taken to 
denore more particularly the Doctrine of 

Mot ion and Weights in reference to Me- 
chanical Engines; ſo the Word Statichs 


more eſpecially that Part of the Doctrine 
of Motion, which ariſes from the Weight 


or compar'd together, and which conſe- 
quently has not at leaſt ſo immediate a 
reſpect to mechanical Engines. In this 
Chapter therefore I ſhall take notice of 
ſuch Particulars as relate to Staticks in its 
reſtrain'd Senfe, and are agreeable to the 
Defign of this Treatiſe. It 
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2. It is then obſervable in the firſt Place, 
The Motion that the natural Motion of heavy Bodies 
- 4 "why (i. e. That Motion of them downwards, 
den- which ariſes from the natural Principle of 
wards is their Gravity or Weight) is found by 
3 Experience tO be a Motion umformly Acce- 
ted. lerated, i. e. a Motion which acquires in 
equal Times equal Degrees of Velocity. 
For when an heavy Body deſcends, the 
ſame Gravity, which gave it a Motion 
downwards at firſt, | will all along conti- 
nue to act alike upon it, and ſo to give 
it in the ſecond Inſtant of Time a Moti- 
on equal to what it gave it at the firſt, and 
againin the third Inſtant or Minute to give 
it likewiſe a Motion equal to that at firſt, 
So that at the third Minute the Sum of the 
whole Motion will be the Triple of the 
firſt; and ſo at the fourth Minute the Sum 
.of the whole Motion will be Quadruple 
to what it was at the firſt. And ſo the 
Degrees of Motion, or Velocity of the 
Body moved, will always increaſe, ag 

does the Time wherein it moves, 
Hence it comes to paſs, that the Spa- 
TheSpaces Ces, through which Bodies deſcend in 
3 their Fall, are as the Squares of the Times 
are os the they take up in Falling, always account- 
Squares of ing from the Beginning of the Fall. For 
_—_— Inſtance, if a Body be ten Minutes a fal- 
tbe, fall. ling, and the firſt Minute it falls a Mile, 
the ſecond Minute it will have fall'n four 
| Miles, 


une | 


Miles, and the third Minute nine Miles; and 


ſo on: According to which Proportion at 
the tenth Minute, the Body will have 
fall'n an hundred Miles, Whence it ap- 
pears, that if the Times be taken in the 
ne Progreſſion of natural Num- 
bers, viz. 1, 2, 3, 4, 5, Oc, the Spa- 
ces. deſcrib'd. in thoſe Times, reckoning 
from the Beginning of the Motion, will 
be as 1, 4. 9, 16, 25, Gc. This is wont 
to be demonſtrated or at leaſt illuſtrated, 


by conſidering (Fig. 35.) AB to repre- 


ſent the firſt equal Part of Time, and BC 
to repreſent the firſt Degree of Velocity 
acquir'd in the firſt Part of Time: And 
likewiſe BD. (=AB) to repreſent the ſe- 
cond equal Part of Time, and FE (=BC 
f) the ſecond Degree of Velocity, ac- 
quir'd in the ſecond Part of Time, and e- 
qual in it ſelf to that Degree of Velocity 
acquir'd in the firſt Part of Time: and con- 


ſequently AD to repreſent two equal Parts 


of Time, and NE to repreſent two equal 
Degrees of Velocity. Wherefore the Tri- 
angle ABC will repreſent the Space gone 
thro! in AB, the firſt equal Part of Time. | 
with the Velocity BC; and the Triangle 

ADE will repreſent the Space gone thro? 
in AD two ſuch equal Parts of Time, with 
the Velocity DE (the Double of BC.) 
But the ſaid ſimilar Triangles ABC and 
ADE are (by Theor, 10 of Dune Gen- 


tleman 's 


34 Mechanicks. 
Heman's Geometry) as the Squares of 
their homologous Sides AB, and AD. 

that is, the Spaces gone through in th 

Times AB and AD are as the *quares of 

the ſaid Times. Thus (Fig. 35.) ADE 

is actually divided into four Parts, each 
equal to ABC. N 

4. Hence it is obvious, that the Spaces 

The Spaces deſcrib'd or gone through by a Body in 

_—__ its Fall, in each (equal Part or) Minute 

beau B. of Time, are according to the Series of 

—_— the natural Numbers, *,3, 5517. 95 Ge 3 

each equal theſe being the Differences of the Squares 

Partof 1, 4, 9, 16, G. Thus if a Body falls 

— 2 one Mile in the firſt Minute, and four 

ic ſell. Miles in the ſecond Minute, it will there- 

fore, during the ſecond Minute, conſi- 

x der'd diſtinctly from the firſt, fall three 

Miles. And in like manner, if a Body 

falls at the End of two Minutes four 

Miles, and at the End of three Minutes 

nine Miles, it will, during the third Mi- 

nute conſider'd by it ſelf, fall five Miles, 

and ſo five Times as far as jt did the 10 

Minute. | 

5. Hence it is obvious, that the Space 

um toe gone through in a determinate Time by 

1 any Body being known, thereby may 

Bot wil! be found out, what Space it will go 

goth in through in a given Time ; viz. by find- 

1 ing a fourth Proportional. For Exam- 

ple, ſuppoſe a Body to fall twenty-four 

* „ 
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Foot in one Minute, and it be requir'd 


to tell, How far the ſame Body will fall 
in the ſame Medium in Three Minutes ; 
the Anſwer will be, 216 Foot. For as 1 
to 9 (i. e. as the Squate of one Minute 


24 (the Space gone through in the firſt 
Minute) to 216, which therefore is the 


* 


is to the Square of three Minutes) ſo is 


Space the Body will go through in three 


Minutes. 5 | 

Inlike Manner, the Time being known, 
wherein an heavy Body defcends through 
a determinate Space, it is obvious to find, 
in how long Time it will deſcend thro? an- 
other given Space viz.by finding a fourth 
Proportional. For Example, ſuppoſe a 
Body has taken up one Minute in falling 


6. 
To find, 
what Time 
a Body will 
tale ud in 
deſcending 
thro o gi- 
ven Spaces 


twenty-four Foot, and it be requird to 


tell, what Time it will take up in falling 
216 Foot in the ſame Medium; the An- 
ſwer will be three Minutes. For as 24 
to 216 (i. e. as the firſt Space given is to 
the ſecond Space given) ſo is 1 the 


Square of the given Time to 9 the Square 


of the Time requir'd, which therefore is 
three Minutes. Men |S ee 

As a Body in falling acquires equal 
Degrees of Velocity in equal Times, fo 
on the contrary, in riſing it loſes equal 


Degrees of Velocity in equal Times. For 


the Gravity of the Body thrown up con- 
tinually drawing it downwards, its Moti- 
| on 


RY 
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on upwards will continually decreaſe, in 
proportion to the Force downwards pro- 
duc'd in equal Times by the- Gravity of 
the Body. But it has been ſhewn afore 
(F. 2.) that the Motion downwards is u- 
niformly accelerated; and therefore the 
Motion upwards muſt be uniformly re- 
tarded, Whence it follows, that ſuch a 
Body goes through the ſame Spaces in e- 
qual Times, in riſing as it does in falling, 
but in an inverted Order. Namely, if 
the Body be five Seconds in riſing to the 
Height of twenty-five Foot, and the Space 
aſcended through the firſt Second of 
Time be nine Foot, the ſaid Body during 
the ſecond Second of Time, will aſcend 
through a Space of ſeven Foot; and in 
the third Second! a Space of; five, and 
the fourth a Space of three, and in the 
fifth and laſt a Space of one Foot. Then 
it will be as it were in Equilibrio, i. e. 
the Impetus upwards being now juſt 
equal to the Impetus downwards, the 
Body will neither riſe nor fall for ſome 
Time. After which it will begin to fall 
in the like inverſe Proportion, viz. ſo as 


that the firſt Second it will fall a Foot, 
the ſecond three Foot. the third fave, the 
fourth ſeven, and the fifth and laſt nine 
Foot, thus taking up five Seconds of Time 
to deſcend twenty-five Foot, as it took up 
the ſame Time to aſcend twenty-five 1 

| J 
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By the ſame Principles it comes to 


47 


8. 


paſs, that the Force which a Body acs Why Bodies 


quires in falling, will make it riſe up a- 


riſe up 2 
gain to the 


gain to the ſame Height which it fell Jane 


from. Por Inſtance, ſuppoſe (Tig. 36) f 


Height, 
from which 


the () Pendulum, . e. the Body or hey tell. 


Weight faſten'd to one End A of the 
String AB, whoſe other End is faſten'd 
to — fx d Point C, as the Center of its 
Motion: Suppoſe, I ſay, the Body to 
fall from D to A, it will riſe again to E, 
which is of an equal Height with D. For 
divide DA into any Number of equal 
Parts, ſuppoſe three, markt 2, b, e, and 
EF into as many markt d, e, f E. By 
the foregoing Principles it is obvious, 
that whatever Force or Degree of Velo: 
city the Body acquires by its Gravity in 
deſcending from D to «, it will acquire 


twice as much in deſcending from a to 5. 


and thrice as much in deſcending from b 
to c ; with which triple Force it will be- 
gin to aſcend from e towards A. But in 
aſcending from e to d the Body will by 
its Gravity drawing downwards loſe one 


of the three acquir d Degrees of Velocity 


or Force; and in afcending from d to f 


it will loſe two 1 the 5 acquir 5 De- 


_ A —_— 


* 
ͤ— hi. 


. — — ˖ — 


(+) Ir is fo call'd from the Weight's henring on the 
Thread or Wire, to which ir is faſten'd'; the Latin Word 
Pengults denoting any Thing chat thus hangs. 


grees 
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grees, the Force of Gravity downwards 
at f being double to its Force at d, and 
ſo deſtroying two of the acquir'd Degrees 
of Velocity or Force, where with the Bo- 
dy at e began to aſcend; And likewiſe at 
E, the Force of Gravity downwards will 
be triple to that at d, and ſo deſtroy all 
the three acquird Degrees of Force, 
wherewith the Body began at e to aſ- 
cend: And therefore the Body will aſ- 
cend no higher, but begin to fall down- 
wards again towards e or M. 
9. But uo it is to be obſerv'd, that in 
The Reſiſt· this and the foregoing Caſes, the Reſiſt- 
_—_ ance of the Air, wherein the Bodies are 
fiderd in Conceiv'd to move, is not confider'd ; 
zhe fe, which is the Cauſe why the foregoing: 
Caſes, Theorems will not exactiy agree with Ex- 
periments ; and particularly as to the 
Pendulum, which, by means of the Re- 
ſiſtance of the Air, does not return ex- 
actly to the ſame Height from which they 
fell, and conſequently have not a perpe- 
tual Vibration or Motion forwards and 
backwards, but ſtand ſtill in ſome Time. 
10. Abſtracting from or ſetting aſide this 
Pendulums Reſiſtance of the Air, it follows from 
_ 2 the foremention d Principles, that the 
zhro equal Pendulum does aſcend and deſcend thro? 
Spaces ine the equal Spaces DA and AE in equal 
_ Times. To which 1 ſhall here add as 
1 worth remarking, that the Longitudes 


of 


— — (> 7 — 


. 


4 Q@ 


a Wwe @O þ 
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6f Pendulums are as the Squares of the 
Times, wherein they perform their Vibra- 
tions. Menne + „„ 2Þ 

As Gravity is that natural Principle f. 
which cauſes Bodies to deſcend, ſo no An the. 
Body will deſcend, but when its Center 5! . 
of Gravity can deſcends Thus the in- pends on 
clin'd Body ABDE, (Fig. 37.) which is ***ir Cen- 
ſet on the Horizontal Plane HP, cannot ar. 20 
fall toward the Part D, to which it in- 
clines,, becauſe by ſuch a Change of Situ- 
ation its Center of Gravity C would tiſe; 
as' may be known by deſcribing from A 
(as the Center) the Arch CF, which is 
the ſame, as C the Center of Gravity 
would make about the Point A, if the 
Body ABDE could fall; for it is evident 
that one Patt of that Arch riſes above. 
the Point C, and conſequently the Cen- 
ter of Gravity in ſuch a Cafe muſt for 
ſome Time RS of its own Accord, 
which is contrary'to the Nature of heavy 


Fe * 


Bodies. Y 


But on the contrary, the inclin'd Body 11. 
ABDE (Fig. 38) muſt of neceſſity fall Tie ſame 
towards the Part O, which it inclines to, uf. 
becauſe its Center of Gravity C may de- — 
ſcend in ſuch a Situation; as will appear 
by drawing as afore) from A through C 
the Arch CF, which is the ſame that will 
be deſcrib'd by C the Center of Gravity 
about A, when the Body ABED falls :) 

b; (D) For 
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1 
Bales keep firm upon any Thing, that ſupports 


anding 


| firmly. 


14. Whence it follows, that by how much 
—_ of leſs the Baſis of a Body is. even though 


will it be mov'd out of its Place; becaufe 
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For all the Points of the ſaid Arch fall 


'vity in the ſaid Body toward the Center 
of the Earth, and wherein the ſaid Body 


the Baſis, the Body will neceffarity fall 


that a Needle will not ſtand upon its 
Point, It is obvious, that agreeably to 


below the Point COC. 3547 
Hence it appears, that to have a Body 


it, and is not it ſelf inclin'd, the right 
Line CF drawn from the Center of Gra- 


endeavours to deſcend (i. e. in ſhort the 
Line of Direction) muſt neccflarily fall 
in ſome Part of the Baſe or Foot AB of 
the ſaid Body; as Fig. 37. Otherwile, 
if the Line of Direction CG falls without 


down, as in Fig. 38. 


it be not inclin d, fo much more eafily 


the leſſer Change of Poſition is capable to 
make the Line of Direction be without its 
Baſis or Foot. Which is the Reafon that 
a Bowl rolls eafily upon a Plane, and 


. What has been faid, it follows alfo, that 


the wider the Foot of a Body is, the 
more firmly will it ſtand, becauſe fo 
much the greater Change is neceſſary to 


cauſe the Line of Direction tg, fall with- 


out the Foot of the ſaid Body. 
It 


falli 


; + 0 SMrDanlels. 
'ft appears alſo from what has been 175 
ſaid, that if the Plane OP, which ſuſtains Fler _ 
the Body ABDE (Fig. 39) be inclin d. Fang 
that Body will ſlide, when its Line of Bodies. 


Direction CG falls upon any Part of its 


Baſe AD. And that a Body abde will fall, 

when its Line of Direction cg falls with- 

out the ſaid Baſe 4d. E 

Whence it follows, that a Bowl ſet up- 16. 

on an inclining Plane, as the Roof of an Further of 
Houſe, will roll off it, becauſe its Line “e /#**- 
of Direction not being perpendicular to 

the Plane, (bat to the Horizon,) can- 

not paſs through its Foot where it touches 

the Plane, it being almoſt an indiviſible 


| P oint. 


It is remarkable, that we naturally 17. 


obſerve this Law of Staticks, we are Wh 4 Man 


here ſpeaking of, to keep our ſelves from b . 
falling. Thus, when we would rife from ſer from 4 
a Seat, we bend our Body, by thruſt. S4. 
ing forward our Head and Back HB, 

and putting backwards our Feet and Legs 

FK (Fig. 40) ſo as the Line of Directi- 

on LG of our Center of Gravity may paſs 
through our Footing F or Baſis. And it 

is obvious, that if we bend not enough, 

we fall backwards or towards B; but if 

we bend too much, we fall forwards or 
towards F or K. 85 


(D 2) In 


# * G : 
« "WED 7 AY 
1 a , 
f ; 8 
5 I 2 
> 
, x 
x, 
2 4 


— 
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18. In like Manner, when we go up Stairs, 
Why a Man ag we lift one Foot up, ſo we bend dur 
5 Body forward, that we may (both go up 
he goes up Eaſier, and alſo) may preſerve our ſelves 
Stairs. from falling beckwards, by having the 
Line of Direction of our Center of 
Gravity too far from our Footing, which 
in this Caſe is chiefly the Foot lifted 
up upon the Stair, when we are getting 

4 the 8 | | 7 | 
19. On the ſame Account it is, that when 
po. 2 Man carries a Burthen on his Back, 


If he carries it with his right Hand, he 
leans to his Left; if with his left Hand, 
he leans to his Right. Namely, that 
hereby he (may not only more eafily 
carry the Burden, but alſo) may pre- 
ſerve himſelf from falling that Way 
2 the Burden he carries, pulls 
him. 8 ug; * 
20. And that we learn this, not from ficie 
The like Reaſon, but rather from natural Inſtinct, o_ 
— * is evident, not only from Mens doing ſo I Hor 
irrational Without knowing the Reafon of it, but 
creatures. alſo from irrational Creatures doing the 
like. For a Gooſe going through a Barn 
or other Door, be it never ſo high, 
does thruſt forth, and fo downwards his 
Head, not becauſe he is afraid of ſtriking 
— 21: "ob It 


-; againſt what is ſo much above it, but) 
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in conformity to this Law of Staticks. 


Namely, at a Barn Daor there is uſually 
a Threſhold or the like, to be gone o- 
ver. Wherefore the Gooſe having put 
one Foot on the Threſhold, thruſts 


forward his Head, that his Center of 
Gravity may not be too far behind his 


Feet, and ſo pull him backwards; but 


that by thruſting his Head and Neck ſo 
| far as is requiſite beyond the Threſhold, 


the Direction of his Center of Gravity 
may be brought ſo near to his Footing, 
as that he may go over the Threſhold 
more eaſily, and without falling either 
backward or forward, So that it appears, 
the Gooſe is not to be Jaugh'd at for ſo 
doing, but rather they, who neither 
know the Reaſon of his ſo dojng, nor at 
leaſt that he does no other than they do 


| themſelves in like Caſes. And this is ſuf- 


ficient to our Deſign, to have taken no- 
tice of concerning Staticks, ſo call'd in a 
more reſtrain'd or proper Senſe. 


54 


1 
Hudroſta- 
ick whal. 


The Toung Gentleman s 


-__ 
Ti. 5 * , ti "Ws hs 


— "2 


Of Hydroſtaticks, 


H O' the Word Staticks, both as tq 


its own literal Import, and alſo in 


its largeſt Acceptation, denotes the Sci- 
ence of the Weights of Bodies in gene- 
ral, whether fluid (or liquid) or not flu- 
1d, and whether weigh'd in the Air or 
Water ; yet it is uſual to reſtrain Staticks 
in a more appropriated Senſe to denote the 
Science of the Weights only of ſolid (or 
not fluid) Bodies, and that too when 


weigh'd in the Air; and to give the pe- 


culiar Name of (* Hydroſtaticks to. that 
Part of Staticks largely taken, which 
treats of the Weight of fluid or liquid 
Bodies, eſpecially of Water, and of ſo- 


1 
* 


lid Bodies put into () liquid Bodies, e- 


ſpecially into Water. 
5 The 


——_—. 


2 
— 


Selence of Weights, and f, Water. 
**(f)" There is chis Difference between a fluid and a liquid 
Body A Fluid is a Body, whoſe Parts are eaſily ſepara- 
ted, and being ſeparated join together immediately, as 
, LUI i i 1 4 th bp 4 Air, 


(rr is a Greek Word, compounded of amg. the 


j 
, 
L 
1 
] 
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be primary Property of heavy Flu- 


ids are theſe; that if an heavy Fluid 


ABCD (Fig. 41) be, either not preſs'd 


at all, or equally preſs'd from above; its Properties 
* 


upper Surface AB will lie horizontal or Y ® 
level. And if the ſaid Fluid be diſturb- 


ed, it will by its own Gravity return to 
the ſame Level of its upper Surface. For 
the lower Particles of the Fluid will not, 
by Reaſon of their Gravity, aſcend up- 
ward of themſelves, to raiſe any Part of 


the ſaid Surface above the other; nor 


can the upper Particles of the Fluid de- 
ſcend, fince there is no Room for them, 
in the lower Part of the Veſſel, it being 
taken up by other Particles of equal 
Weight, And therefore if there be no 
Preſſure at all from above, or an equal 


Prefſure, then there is nothing to diſturb 


or alter the Level of the. upper Surface, 
But if it be diſturb'd, the fluid will re- 
turn to its Level, becauſe the higher Part 
HI (Fzg. 41) being heavier, will partly 
depreſs the Particles under. it, and will 
partly run down into the lower Part; 


— — 


* 3 '% . * 1 * 
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Air, Flame, Water, Oil, and other Liquors. A Liquid is 
a Body whoſe Parts are alſo ęaſily ſeparated, and again 
come together immediately, and withal will conrinually 
flow or ſpread themlelves, till their upper Surface becomes 
level, as Water, Oil, but nor Flame. Hence it appears, 
that all Liquids are Fluids, but all Fluids are not Liquids. 
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2 Part thereof AE, which is moſt preſs'd, 
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and that ſo long, as any one. Part of the 
Surface is higher thay the others. 
If the Fluid (Fig. 42) be from above 


, ef unequally preſs'd, it is obvious, that the 


will deſcend, the Particles fo preſs'd, 
thruſting out of their Places the other 
Particles, that are either not preſsd at 
all, or leſs preſs'd ; which therefore will 
aſcend to Hl in proportion to the De- 
ſcent FG of the Particles preſsd AF, 
Namely, as the Part preſs'd AE is equal 
to the Part not or lefs preſsd EB, fo 
the Aſcent EH or BI will be aqual to the 
| Deſcent AF or EG. 
What has been ſaid of the upper Sur- 
face AB, holds good of any other Paral. 
lel Surface within the Fluid, as EF Fig. 
43. Namely, if it be equally preſs'd by | 
the upper Part of the Fluid, and withal 
by any Thing elſe ſwimming either on 
the Top or within the Fluid, it will re. 
tain its horizontal Situation or Level, | 
But if it be any where preſs'd more than 
in other Parts of it, there it will (ſink, | 
the Parts of it which are leſs preſs'd af; the 
cending as that defcendss And from | pref: 


what has been hitherto ſaid, are inferr d If 
the following Propoſitions, as ſo many vier 
Corollaries, 3 6 2 thar 

| take 


if | Bed 


EY 
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it an heavy Body EFHB (Fig. 44.) 
lying upon a Fluid AB, be of an equal 


Weight with the Air that takes up an e- 
qual Space AHEG, the Surface AB of the 
Fluid will retain its Level, as being eve- 
ry where equally preſs'd. | 


"If the Body EFIK ( Fig. 45) be lighter 
than the Air which takes up the like 


Space, then the ſaid Body, and the Par- 


ticles of the Fluid under it, will aſcend, 


equally prefs'd every where, both in AH 
and HB, EA e 
If the Body EF AB. (Fig. 46.) be hea- 


vier than the Air of a like Bulk, then 


the Body wil ſwim in the Fluid, de- 
ſcending ſo far into it, till the Aggre- 
gate (of the Air GEIK and the Fluid 
IKAH, wiz.) AHEG, which take up to- 
gether like Space with the ſaid Body, be 


of equal Weight with the Body. For 


preſs'd, both in AH and HB, 

If the Body EGDF (Fig. 47) be hea- 
vier (not only than the Air, but alſo) 
than the Water (or other Fluid) that 
takes up a like Space HCGE, then the 
Body will fink down quite to the Bottom 


the Surface AB will become equally 


CD. 


4. 
Corollary 
the firſt. 


5 , 
Corolla 
kt he ſecand, 


ill the Aggregate (of the Body IKEF and 
of the Parts EFHB of the Fluid fo aſ- 
cending, viz.) IHBK be of equal Weight 
with the Air, that takes up the like Space 
GAHI, For then the Surface AB will be 


6. 
C Yollary 


the third; - 


7e 
Corollary 
the fourth, 
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CD, there being nothing to counterpoiſe 
or bear it up, till it comes to the Bot- 
tom. For the Body being ſuppos'd to be 
put on the upper Surface AB, and to lie 
upon the Part IB thereof, it being heavi- 
er than a like Bulk of Air, the Part of 
the Fluid IBDE will be more. preſsd 
thereby, than the other Part of the Flu- 
id AIEC by the Air, and therefore the 
Particles in IBDE will deſcend, And in 
like Manner when the Body 1s come to 
GF, it being heavier alſo than a like 
Bulk AHGI of Water, it will ſtill preſs 
the Parts of the fluid Water GF more 
than are thoſe that are under GH, and 
therefore will cauſe the Parts under GF 
ſtill to give way, till it comes to the Bot- 
tom CD. ud 
VD pon the ſame Principles, if a Body 
GHlK (Fig 48) be immerg'd into the 
Fluid, and be (of equal Weight with ſo 
much EFGH of the Fluid as takes up the 
like Space, s. e. in ſhort, be) of the ſame 
ſpecifick Gravity with the Fluid, then 
the ſaid Body will ſtay where it is plac'd 
in the Fluid, without either riſing or ſink- 
ing. For the Surface El being equally 
preſs'd all along, the ſaid Body cannot 
riſe. And the Surface FK being all along 
= preſs d, neither can the ſaid Body 


But 


* 


gums 73 


Th "*J' ws SP Wo IS ww YU 90 


Mechanic ks. 
But if the ſaid Body be ſpecifically 
lighter than the Fluid, and conſequently 
the Bulk GHIK be lighter than the Bulk 


39 


EFGH, it evidently follows, that the 
Surface FK will be more preſs'd in FH 


than in HK, and conſequently the Body 


 GHIK will be thruſt up and rife ſtill high- 


er and higher for the ſame Reaſon, till it 
comes to ſuch a Situation, as that it is of 
equal Gravity with ſo much Air (which 
is in this Caſe ſuppos'd ſpecifically lighter 
than the Body) and ſo much of the Flu- 
id, as take up equal Space with it ; (as 
is repreſented Fig. 46) according to g. 


6. But laſtly, if the Body be of the ſame 


ſpecifick Gravity with the Air, then it 
will riſe juſt to the very Top of the Flu- 
id ; as.is repreſented Fig. 44. according 


to f. 4. ̃ 
From what bas been ſaid, it is eaſie to 


account for ſeveral Occurrences in Flu- 
ids, as particularly in Water ; of which 
the more remarkable or common ſhall be 


taken Notice of. Hence then it js eaſie 


to tell, why we don't feel the Weight 
of the Bucket and the Water in it, 
when we draw Water, till it begins 


to riſe out of the Water. Namely, 
becauſe ſuppoſing the Bucket with 


the Water in it to be repreſented, 


Fig. 48, by GHIK, it being of the ſame 
17747 i „ © . LY 


= 
'Why a Buc- 
bet of Was 
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tle or no 
Weight un- 
der Mater. 
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CJ) Gravity with the like Bulk of Water 
EFGH, the Surface FK will be equally 
preſs d, both in FH, and HK ; and there. 
fore the Bucket of Water can't deſcend, 
but is held up by the Water under it; 
and conſequently the Weight of it is no 


counterpois'd by an equal Weight upon 
a Balance. And the ſame holds all the 
while the Bucket is drawing up to the 
Surface AB. Where it, and the Water 
in it, coming into the Air ſo much ſpeci- 
fically lighter than the Water or Wood, 
&*c. of the Bucket, the Air can't ſuſtain 
it, and ſo the Weight of it muſt be ſuſ- 
tain'd then by him that draws up the 
Bucket, ; SE 
10. On the fame Principles the Reafon, 
Why the why one cannot fathom the Depth of the 
_— Sea in ſome Places, is this: Becauſe tho 
cannot be the Plummet or Lead made uſe of be ſpe- 
 fathom'd. cifically heavier than Water, yet the Line 
: to which the Plummet is faſten'd, is (in 


this Caſe) ſpecifically lighter than the 


* 
. * K 2 — — 


— — — . ted 
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(+) The Water in the Bucket is certainly of the ſame 
ſpecifick Gravity with the Reſt of the Water. And the 
Bucket, if all of Wocd, is much lighter. And if other- 
wiſe, the ſpecifick Lightneſs of the Wood does reduce 
the ſpecifick Gravity of. the Iron about the Bucket, almoſ] 
gs an Aquilibrium with the Water, pb. 

3 Water, 


more felt, than is a Weight which is 


Water. 
ſo gre: 
requir 
and Le 
Weigt 
Lead 
and ec 
of the 
Acc 
may e 
upon: 
mix in: 
in reſſ 
ſpect 
Oil is 
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a like Bulk of Salt-water, and ſo was 
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Water. Wherefore when the Depth i 19 
ſo great, that ſuch a Quantity of Line is 
requir'd, as that the Weight of the Line 
and Lead together is no greater than the 
Weight of a like Bulk of Water, then the 

Lead or Plummet willi fink no deeper; 

and conſequently will-not ſhew the Deptt 

of the Sea in that Place. | 

According to the ſame Principles we 11. 
may eaſily tell, why one Liquor will ſwim +) ſome 
upon another, or remain at Top without 3 
mix ing, if it be pour d on gently; as Oil — 
in reſpect of Water; and Water in re- 
ſpe& of Quickſilver. Namely, becauſe 
Gl is fpecifically lighter than Water, and 
Water than Quickſilver. 

Hence likewiſe it ceaſes to be a Won: "7% 
der, that a Ship, which has ſail'd in the Wh Ship, 
open Seas, has funk and been loft in the oy « wing 
Mouth of a River of freſh Water; name; ſink in 
ly, becauſe Sea-water is much heavier 1 
than freſh Water. And therefore thou oh © 


the Ship with its Burden was lighter — 


ſuſtain d by the Salt-water in the Sea, yet 
it was 4 than a like Bulk of /freſh 
Water, and therefore ſunk in the River. 
It is obvious, that for the ſame Rea- 
ſon any Ship or Boat will draw more 
Water (that is, though it does not ſink 
quite down to the Bottom, yet will fink 
deeper) in freſh Water than in Salt-wa- 
_- on . Moore- 


<a 


wy 


i I 
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13. Moreover the Reaſon, why a Log of 
Wh Wed, Wood, that has been fwimming a long 
: 8 time upon Water, will fink at laſt, is 

ſome time, this, . becauſe ſuch a Piece of Wood 
5 1 may be of the ſame or greater ſpecifick 
Gravity than Water, ſetting aſides the 
Pores of the Wood; but by reaſon of its 
Pores, the Air which fills the faid Pores 
and the Wood together, make up one 
Whole lighter than an equal Bulk of Wa- 
ter, and therefore the Wood will not fink 
at firſt. But after fome Time the Water 
being got into the Pores, and ſo the Air 
excluded, then the Water in the Pores 
and the Wood make up one Whole hea- 
vier than the Water of a like Bulk, and 
ſo maſt ſink according to the Principles 
of Hydroſtaticks aforemention'd. 


14 From which Principles it follows alſo, 
7 that although a Lump of Braſs or Iron 


Braſs or L or other Metal will fink in Water, as be- 


. ing ſpecifically heavier, yet a Kettle or 
Lumps of the like of Braſs or Iron (G.) will not 
the ſame fink but ſwim ; becaufe the Kettle with 
* l the Air contain'd in its Hollow, make up 


one Whole, which is much lighter than 

an equal Bulk of Water. | 
15. It follows alfo, that a Body will weigh 
A Bedywill lefs in Water than in Air, by juſt ſo 
wele* 1s much as is the Weight of an equal Bulk 
thanin air. Of Water. Whenee it comes to paſs, that 


two Pieces of Metal of different ſpecifick 


% Gravb 
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Gravities, ſuppoſe one of Gold and-the 
other of Silver, which ſhall be of equal 
Weight in the Air, will not be ſo in the 
Water, that Metal whoſe ſpecifick Gra- 


fing leſs of its Weight in the Water 
than the other (viz. the Silver,) be- 
cauſe it takes up the Room of a leſs 
Bulk of Water. 

If (Fig 49) a Fluid, particularly 
(Mercury or) Quickſilver contain'd in 
the Tube CD preſſes on the Part C of the 


the other Parts, C will deſcend, and the 


till what is left CI in the Tube preſſes C, 
juſt as much as the other Parts are preſs'd 
by the Air. And then no more will run 


fo, [out of the Tube, becauſe of the equal 


on Preflure in all Parts of the Surface AB. 
\e. Where it is to be noted, that the Weight 
or Jof the Quickſilver Cl is equivalent to the 
\ot | Weighr of a Column of Air, extended 


:th from the Surface AB up to the Top of 
up the Atmoſphere, and of the ſame Baſis 


lan Nor Diameter of the Tube CD. 
And it is obſervable (Fig. 50) that 

zph the Quickſilver will riſe up juſt to the 
| Jame Height in the oblique or ſloping 
ulk | Tube EG, as it does in the upright Tube 
hat DC; although the Quick-filver EF in the 
fick Tube EG be more, and conſequently 
1 Fg heavier, 


vity is greateſt, (viz. the Gold) lo- 


Surface AB. more than the Air preſſes on fand wp = 


Quickſilver run down out of the Tube, 


16. 
Why a Flu- 
id in a 
Tube will 


higher than 
the ſame 
Fluid witk- 
out the 
Tube. 


3 
Why a Flu 
id will riſe 
to the ſame 
Height in 
a ſloping . 
Tube, as in 
an upright 


[ 
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Tube CO. The Reaſon whereof is this, 
that as much as. the Quickſilver EF is 
more than the Quickſilver CI, ſo much 
greater is the Baſis E than the Baſis C, 
(this being equal to the Baſis. of the Cy- 
linder EK, wherein the Quickſitver EH 
will be found to be juſt fo much as the 
Quickſilver EF, by reaſon of the two 
Tubes EK and. EG being Cylinders of 


Equal Height upon the ſame Baſes, 


and 


therefore Equal one to the other.) Now 
it is obvious that ſuppoſing the Baſis E to 


be Twice as big as the Baſis C, 


and 


conſequently the Quickſilver EH in the 
Tube EK (or the Quickſilver EF in the 


Tube EG) to be Twice as much as the 


Quickſilver CI in the Tube CD, it evi. 
dently follows that as the Quickſilver 
Cl do's equiponderate to a Column of 
Air of the ſame Baſis C, ſo the Quick- 


ſilver EH (or EG.) which is the 


ble Quantity of Cl, do's but equipon- 


Dou- 


derate to a Double Quantitv of Air, 
z. e. to a Column of Air, - whoſe Baſis 


E᷑ is the Double of the Baſis C. 


i Since according to the Rules of Sta- 
Further of ticks, Bodies gravitate or weigh hea- 
the ſame. vier in a Perpendicular, than in any 

- Oblique or ſloping situation, it may 
be ask'd, why the Quickſilver ER gravi- 


tating or preſling upon the Baſis E 


more, 
than 


than 
ing p 
the Q 
the T. 
Tube 
that a 
more t 
at E, 
the Ail 
AB, a. 
Tube, 
right, 
both f. 
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than do's the Quickſilver EF, (that be- 


ing perpendicular to E, this oblique,) 
te Quickfilver do's not deſcend lower in 


the Tube EK, and aſcend higher in the 


Tube EG. The Reaſon then is- this, 
that as much as EH prefſes downwards 
more than EF, ſo much do's the Force 


at E, which (ariſes from the Preſſure of 


the Air on the other Parts of the Surface 
AB 
Tube, preſs upwards more in the up- 
right, than in the oblique Tube ; and 


both for the ſame Reaſon, 2:2. becauſe 


the Preſſure, whether upward or down- 
ward, is in the Tube EK perpendicular, 
whereas in the Tube EG it is oblique, 
and therefore not ſo great. Now the 
Force at E, which holds up the Quick- 
ſilver in the upright Tube, being as to 
Effort ſo much greater than the Force at 
E which holds up the Quickſilver in the 


Zoblique, as the Weight of the Quick- 


flver in the upright Tube, is greater 
than the Weight of the other ; it fol- 


lows, that the ſaid Force at E acting 


wwards according to the Perpendicular 
EH, is as able to ſuſtain the Quickſilver 
in the upright Tube, as is the ſame 
force acting upwards according to the 
oblique Line EF to ſuſtain the ſame 
Quantity of Quickſilver in the oblique 
Tube. And therefore the Quickſilver in 

(E) the 


and) ſuſtains the Quickſilver in each 
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| the upright Tube will not deſcend low. 
er by Running any of it out of the. Haid 
Tube, nor will the Quickſilver in the 
oblique Tube aſcend any Higher, by 
any more 0 boch ke into it: but the 
Quickſilver 3 in both Tubes will r at an 
. equal Height. 

19. And the ſame will hold 28 to any 0 
The Shape ther Tube (or Veſſel) of any other 
1 Shape: Namely, the Height of the Quick. 
wo Die. ſilver will be the . in any Veſſel, n 
ren it is in a Cylinder of the ſame High 
of the _ and Baſis with the Veſtel. Thos, tor 


Fluid. 


bout the latter. 


Inſtance, Fig. 51, the Height of the 
Quickſilver is the ſame, both in the 
round-headed Tube DEHF, and the 
fharp-headed KLB, as it is in the Cy. 
linder inſcrib'd in the former, vis. Cl 
or the Cylinder BLOp, circumfcrib'd + 
For as to the round 
headed Tube DEHF, as much of th: 
Quickſilver as lies without the Cylinder 
Cl, is fuſtain'd not ſo much by C, as by 
the Parts MT and NS of the Tube's Head 
3 are under them, and no more « 
1 

fuſtain'd by C, than what lies within th 
Cylinder Cl. And c uently the Effet 
will be the ſame, as if the Quicker» Wal 
=. tn the Cylinder * 


Quickſilver is properly or direct. 
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76 6 to hs ſharp-headed veſſel LBK, 


will likewiſe riſe as high in the one as 
the other. For as to ſo much of the 
ſaid Veſſel, as allows a free Aſcent from 
the Surface AB, the Quickſilver will there 

riſe to its juſt Height CI, for the ſame 
0 Reaſon as it will riſe to the ſame Height 
iet in the Cylinder BLOP. As to the . 
parts of the ſaid Veſſel, where the 
2 Quickfilver is hinder'd by the Sides of 
cke Veſſel to riſe up to the Height CT, 
eas much as is there wanting in the Weight 
hell of the Quick-ſilver, which is over the 


tne reſpetive ſubjacent Parts of the Surface 


the AB, ſo much is ſupply'd by the Sides of 

Nl the Veſſel. For torr the Sides of 
the Veſſel do not preſs downwards as 2 
contrary Force, yet they keep the Quick- 
filver from being thruſt Higher by the 
Force that preſſes upwards. And conſe- 
quently the ſeveral Parts of the Sides 
may be look'd on- as ſo many Impedi- 
ments, which are equivalent to the Weight 
of ſo much Quickſilver, as would be 


the Surface AB will be equally preſt all 
a Hong under the 5 B. 


8 2? ; 


contain'd between the reſpective Parts of 
Ly the Sides, and the Parallel to 1. And fo 


20. 


| and the Cylinder BLOp, the Quickſilver Further of 


the ſame · 


; 


P 0 2 22 * - 22 F n 
- 
- , | . of hy 
* 1 


Aw 


63: The Toung Gentleman's 
21. The Preſſure of the Air being that 
Why the which makes the Quickſilver riſe in the 
— 17 Tube; it follows, that the greater is the 
Tube at the Preſſure of the Air, the higher will the 
1 Quickſilver riſe; which is the Reaſon, 
li of - that the Quickſilver will rife higher in 
Mountain. the fame Tube at the Bottom of a Moun- 
tain or conſiderable Hill, than at the Top, 
Namely, becauſe the Column of Air pref- 

ſing the Surface AB will be ſo, much 
longer at the Bottem, than at the Top 

of the Mountain, as is the Height of the 
Mountain; and conſequently the ſaid 
Column containing ſo much more Air, 
will preſs fo much more. 2 Paghs 
So as to the (% Barometer or Weather- 
Glaſs, the Quickſilver riſes and falls in 
the Tabe, as the Air is heavier or 
lighter, and ſo more or leſs preſſes the 
Quickſilver that is in the Well (as it is 
call'd) of the Barometer. And thus far 
is agreed by all: but what it is that 
cauſes the Air to be ſometimes heavier, 


That the Vapours do not, (as is, or has 


Gravity of the Air, ſeems more than 


— — 2 x *** et ———_—_. 


ſometimes lighter, is not ſo agreed. 


been, commonly ſuppos'd,) increaſe the 


— » 


(D is fo call'd as being a Meaſure of the Weight of the 
Meaſure, in the Greek Tongue. 


Air, the Word gdęss ſignifyiog Weight, and wirgoy 2 


probable 
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probable on this Account: Namely, that 
when the Vapours are in the lower Re- 
gion of the Air, as in rainy Weather, 
than the Air is lighteſt, as appears by 
the Falling of the Mercury (or Quick- 
ſilver) in the Barometer. And when the 
Vapours are in the middle Region of the 
Air, (i. e. when the Clouds are high,) 
they do not increaſe the Preſſure of the 

Air. For although the Air be heavier 
then, it is not becauſe the Clouds are 
high ; but the Clouds are high, becauſe 
the Air is heavy. For when the Air 
gear the Earth is more denſe than uſual, 
then it becomes heavier than the Va- 
pours, which therefore muſt aſcend, and 
at laſt ſettle in that Region of the Air, 
which'is of the ſame Gravity with them- 
ſelves. If the Vapours were the Cauſe - 
of Increaſing the Air's Gravity, there 
maſt: be as many Vapours in the Air at a 
Time, as are equal in Weight to three 
Inches of Mercury, for fo much we find 
the Mercury riſes or falls in the Weather- 
Glaſs. Now Mercury is about 14 Times 
heavier;*than Water, and conſequently 
there muſt be in the Air at once ſo many 
Vapours, as are equal in Weight to a 
Column of Water of 42 Inches in Height, 
and whoſe Baſis is equal to the Surface 


Jof the Earth; which is much more than 
falls down in Rain, during a whole Year, 


E 35 For 
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For a whole Year's Rain do's not fill + 
Veſſel above 14 or 15 Inches high, as ig 
obſerv d in the Bie of. the Real Secie- 
75 at Paris. 27 
23. The Reaſon then. why, the Air iy 
The proba- heavier at one Time than another, ariſcy 
ble Cave more probably from there being more 
fing and Air on that Part of the Farth's Surface, 
| be de when the Air grows heavier. And this 
ry in proceeds from Winds. For Example: If 
3 the Wind, which is nothing but a Stream 
* of Air, ſhould blow on any Place, and 
the Air thus mov'd ſhould be kept in 
that Place by Mountains or Hills: or, 
if two contrary Winds ſbould blow on 
the ſame Place ; in either Caſe the Ait 
will be. heaped up in the Middle 3 and 
conſequently there being more Air ity 
Gravity will be increasd, But if the 
aforeſaid Circumſtances, or the like do 
not happen in any particular Country, 
then the Air which is over it, will grow 
leſs in Quantity, and conſequently ligh- 
ter. Whence it is probable, that the 


Winds are the Cauſes o of the Vatfation of 
the Air's Gravity. 


70 


. It was afore (F. 16.) ;ntimated, that 
5 r what has been Ny in that and the fol- 


* lowing Paragraphs concerning Mercury 
— of or Quickſilver, holds true likewiſe in 
Wine o + feſpeck of other Fluids, But the fore- 
75 cut of 1 mention d Affections have been illuſtra- 


beg 
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ther-Glaſſes, wherein the ſaid Affections 
are mote frequently ſeen by Us: It be- 
ing the Deſign of this Treatiſe by the 
Laws or Principles of Mechanicks to ex- 
plain chiefly ſuch Things as more fre- 
quently: occur in common Uſe. On 
which Account 1 ſhall add here the Ex- 
plication of the Effect of the Siphar, (or 
Inffrument ' usd by Vintners, &c. in 
drawing off Wine, or the like,) accor- 
ding to the forementioned Principles of 
(Mechanicks, or more particularly of) 
Hydrotaticks. It is then obvious, that 
(Fig. 52.) the Air being ſuck d out of 
the Si phon at E, the Wine (or other Li- 
quor) in the Veſſet ABF O will be thruſt 


up by the Preſſure of the Air upon the 


Surface AB, into the other End H of the 
Siphon apply d to the ſaid Surface. And 
the Wine will be thruſt upwards in the 
Siphon, *till the Weight thereof comes 
to an Equilibrium with the Preſſure of 


the external Air, ſuppoſe *till it comes 


to the Height CI. If therefore the Top 
D of the Siphon be not higher than I, 

the Wine will rife to the ſaid Top of it 3 
and there fiading a Vent or Paſſage down 


© "iy 71 
ted; particularly as to Quickſflver, foraſ- 
much as it is that which is us'd in Wea- 


the other Leg DE of the Siphon, it will 


go o that way, and fo run out at E; con- 


tinuing ſo to do, the Cauſes ſtill conti- 
(E 4) muing, 
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25. 
The Me- 
chaniſm of 


The Young Gentlemans 
nuing, till the Veſſel is emptied.” 'Bbt it 
is to be obſerv'd, that the Mouth E of 
the Siphon muſt be lower than the 
Mouth H. For elſe, E and H being e. 
qually preſs'd by the Atmoſphere, if the 

Leg DE be but of an + wp Length with 
DH, and conſequently the Fluid 1n one 
Leg of equal Gravity, with the Fluid in 
the other; the Fluid would ſtay in the 
Siphon, not moving one Way or the 
other, without ſome other external Foro 
beſide the Air. And by Parity of Rex- 


ſon, if DE be ſhorter than DH, and ſo 


the Fluid contain'd in DE of leſs Weight 
than that in DH, the Fluid would run 
(not from H to E, but) from E to H, 
the Air coming up at E, and thruſting 
the Fluid forward the contrary Way. 

This would happen, except at leaſt the 
Siphon be ſo wide, as that the Air may 
aſcend by the Sides 6f the Fluid, while 
the Fluid it ſelf deſcends in DE 
Proceed we next to explain the Me: 
chaniſm of a Common Pump (Fig. 53.) 


common by the Principles of Hydroftaticks. The 
Pump, ex- Handle KL being thruſt down, the Sucker 


Plain d, 


Sf is drawn upwards from E, and toge- 
ther with it the Air that lies upon if. 
Wherefore the Water at the Bottom, be- 
ing without the Hollow of the Pump at 
A and B preſs'd by the Air, but within 


the Hollow of the Pump at C being not 


e — 9 


TT WORST 
(4tleaft, not fo much) preſs'd by the 
Air, will therefore aſcend from C to D, 
and thruſting open the Valve E, (as ha- 
ving no Weight or Preſſure upon it,) will 
aſcend ſtill higher to the Bottom of the 
Sucker, as meeting with no Preſſure from 
above, and being continually preſs'd up- 
wards: from Beneath. The Water ha. 
ving thus filbd the hollow Part EF of 
the Pump, and the Sucker FG (by lifting 
up the Handle KL) being forced down- 
wards, do's force alſo downwards the 
Water under it between F and E, and 
by this Means forces down and keeps 
ſhut down the Valve E. Wherefore the 
Water between E and F being thus 
preſs'd by the Sucker ; and having no 
Paſſage downwards through E, it lifts up 
the Valve G of the Sucker FG, this be- 
ing the only Way it can make for it ſelf. 
The Water thus ariſing above the Sucker, 
is together with it (the Valve G being 
kept down by the Weight of the Water 
lying upon it, ſo that the Water can't 
run back that way again; and the Han- 
dle KL being thruſt downwards again) 
lifted upwards: where finding an open 
Paſſage, it runs out at the Mouth H of 
che Spout, other Water aſcending up in 
the mean while through D, (as afore,) 
when the Sucker is drawn up. And thus 
coutinually, as long as the Handle is 
t — f 1 *. . a 3 lifted 
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fte up and don, and conſequently 
the Zucker is mov'd up and down, the 
ſame Cauſes being thus continued. 
26. | It is obvious from the Principles of 
Why ſore Hydreftaticks atore laid down, that. the 
Welt , Diſtance between the Water at C in the 
Well, and the Valve E, (or Bottom of 
the Sucker when at the Loweſt, vs; at 
E,) muſt not he greater than the Alti- 
tude, whereto the Preſſure of the Air is 
ſuffolent to make the Water riſe, which 
is found by Experience to be abant 33 
Feot. Hence ſuch Wells, as have their 
Water lying ſo deep, as that (a Pump 
can't be made; but) the Diſtance will be 
greater than the aforeſaid Altitude; can't 
be Pa- Vell, but muſt be Dram-WePs, 
Le. cart have their Water drawn up by 
4 Pump, but by a Bucket and Rope. 
27. 1 hal) conclude this Chapter, with 
The Tide flhewing how tliat Riſing and Sink- 
by the Prin. ing of the Sea-Water, which we call 
ciples of the Tide, (and which has been of 
ticks, old obferv/d, but ig by none of the 
- old Philoſophers, as I know of, tole- 
rably accounted for,) may be very na- 
torally accounted for by the Princi- 
ples of Hydroſtaticks, after ſuch a man- 
ner as is very eaſy to be compre- 


hended. 
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Mechanics, 
The Moon's Orbit being over thoſe 


lie between the Tropicks, and where are 


they the next underneath; and ſo the 
whole intermediate Air, and theteby at 


kt) the Water of the Sea, andrfo-eduſes + 


the ſaid: Water to riſe; om each Side of 


that Part of the Sea which lies under hen 


Orbit, that is, toward the North and 
South Parts of the World! Hence to us 
who live in the northern Parts of the 
World, the Tide always comes from the 
South, "becauſe the Moons Orbit is South 
of us. And on the like Account, the 
Tides comes from the North, to thoſe 


who live in the ſouthern Parts of the 
World, becauſe the Moon's Orbit is 
North of them. And henee it is evident - 
alſo, that the Tide muſt come ſo much 
ſooner or later to any Place, as it lies 


more or leſs diſtant * the Tropicks, 


or that Tract of the Sea which is under h "IP 


the Moon's Orbit. 
The Tide being thus causd by the 


preſſure of the Moon, it plainly follows, 24 4, ' 


that becauſe the Moon comes every Day every D 

filty Mi-“ 
nutes La- 
ter than” 


to the Meridian of any Place fifty Mi- 
nutes later than the Day before ; there- 


29." 


fore the Tide like wiſe mot fall 00 fifty the D 
WEST ft Ct to £79 a 


afore. 


Minutes 


WW 
28. X 
parts of the terraqueous Globe, which = 4 


Tide al- 
ways comes 


the largeſt Seas, as ſhe paſſes over 228 
theſe Seas; ſhe preſſes (thoſe Particles of 
Matter which are next under Her, and 
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than the Day 
in — of _ particular 


5 Mijnntes later every Day, 
before, 
Place:. 

30. Alſo, derm ch Are is Ge Hours 


why the in coming from the Horizon of any 


Hours co- 
ming in, vious, that) the Tide muſt be ſix Hours 
_ e coming in. And in like manner, becauſe 
ing . the Moon is ſix Hours in going from the 
| Meridian to the Horizon of any Place, 
therefore the Tide myſt be the ſame 
Time in going out. Where it is obvi- 
ous. that as the Preſſure of the Moon 
begins in reſpect of any particular Place, 
ſo ſoon as ſhe comes to its Horizon; ſo 
her Preſſure continually increaſes ill ſbe 
comes to the Meridian of that Place, and 
cConſequently the Tide riſes ſtill higher 
and higher, till ſhe comes to the faid 
Meridian. Which as the Moon leaves 
again, ſo her Preſſure decreaſes, and 
| confequently the Tide finks lower and 
lower. | 
a . Moreover it being agreeable to the 
. Laws of Staticks, (as is found by Expe- 
Bigger riments.) for heavy Bodies to gravitate 
— ol o much more, as they are nearer to the 
Full of the Center of the Earth; hence the Reaſon, 
Moen, than why the Tides — Bigger at the New 
9 and Full Moons, than at the Quarters, 
the Month. is eaſily to be aſſignd; namely, the 


Moon's > Weng! at her change and Full 
heaearef 


Place to its Meridian, therefore (it is ob- 
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nearer to the Earth, than at her Quar- 
S ain l EI Fat 

Again it is obſerv'd, that as the Tides 33. 
at the Change and Full of the Moon are ½ the 
bigger, than at any other Time of the {5 
Month ; ſo the Tides at the Change and nd Full of 
Full of the Moon about the Equinox's 7% Men 
are bigger, than thoſe at any other Time Ener- 
of the Tear. Which may be accounted are bigger, 
for by the Moon's being then over the _ 
Middle Part of the Ocean, which is uns of the Ter. 
der the | Celeſtial Equator, and conſe- : 
quently by its Preſſure thereon making 
a greater Quantity of Water recede to 
each Side, viz. Northward and South- 
ward, than when ſhe preſſes on one Side 3 
of the Equator, and ſo not in the Middle 
of the Ocean. 

It remains to be obſerv'd, that it is 33. 
demonſtrable (T) by the Principles of e 
Staticks, that the Moon do's cauſe (the Ties in 
dea to ſwell, or in one Word) the Tide, eren 

. twenty: f ve 
not only in that Part of the Sea which rl. 
ſhe is over, but alſo in the Part oppoſite 
thereto. And hence it comes to paſs, 

3 Ls | | 

£3 n 0 py | 
+) Such as would have a more accurate Account of the 
Tide, let him conſult Newton's Phyſ. Mathem. Lib. 3. 
Prop. 24 & 37, and Numb. 16. of the Philoſoph. T raſa, | 
Lond. 1666 ; as alſo Gregory's Aſtron. Yhyſ. and Geom. Lib. 


4. Prop. 65. IT have here contented my ſelf wich a more 
general Account, as being more Eaſy to be under- 


ſtood. 
that 
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chat chere be two Tides every (twenty: 


five” Hours; namely, becauſe in that 
Time the Moon going from any Meri. 
dian, returns to it again; and conſe. 
uently cauſes ne Tide, While ſhe is in 
hs upper Hemiſphere, and another Tide 
.. while ſhe is in the lower Hemiſphere. 
And thus I have taken Notice of ſo 


9 much of Mechanic (in general, or in- 


cludiag Mechanicks, Staticbs, and H- 
7 properly ſo called,) as is an. 


gu of this Trea- 


tiſe. 
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O pticks muſt conſequent 


ay L | 
the Sight, by the Help pro- 
per Inſtruments, ſuch as Spec- 
1 tacles, 


Sina for. in the. Jolla owing 
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— Microſcopes, Teleſ- 1 


7 
wk — u 


thr bereto—ohas t 0 L his Sci. cho 1 | 


ence is owing the Invention of Ill © ** 


ſeveral Inſtruments, which ſerve _ 
zo pleaſe and divert the Mind 


8 


by Curious and farpris ing Pee 
ration: ; ſuch as are the Dark. 


Chamber. the Magick-Lan- 
tern, Sc. Al which are ar- 
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H 1 Word 60 iel, as it. lite⸗ 1. 
rally - Gonifies in the Greek Opricks i 
| Tongue any Thing that relates h. 
- tothe Si 4 ſo in its largeſt 
Fears it is uſed by the Learned, to 
denote the whole Compaſs of Science or 
Knowledge (Phyſſcal as well as Mathe- 
enen . to Viſion or Sight, ; 
It is now agreed by the Learned, that g. 
Vino is caus d by the Eye's receiving in- out 
to it Rays, which iſſue from the Object f. propetly ſ 
ſeem Theſe Rays, if they paſs from the — 
bog to the Eye through a Medium all 
| (F 3) along 
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along of the ſame Nature, diffuſe them- 
ſelves all along after the ſame Manner b 
right (becauſe the ſhorteſt) Lines. Whetice 
this Sort of Viſion is call'd Direcł Viſion; 
and the Word Opzicks is taken in a more 
reſtrain'd Senſe, to denote that Part of 
Opticks in general, which treats of direct 
Viſion. ü 
If the Rays come not directly from 
the Objects to the Eye, but fall firſt up- 
on ſome impenetrable Body, and are 
thence reflected or beaten back to the 
Eye, then the Viſion is called Reflex Vi- 
ſion; and not the Object it ſelf, but its 
Image is ſeen. A rough Surface ſo breaks 
and ſcatters the Rays, . that they render 
no Image at all, or at beſt but a very im- 
perfect Image, of the Object; and there- 
fore thoſe Bodies, which are capable of 
being moſt poliſh'd; or made moſt ſmooth, 
make the beſt Reflexion. - Such is Glaſs, 
us d therefore now-a-days for Looking- 
glaſſes ; but Glaſs being of it ſelf pellu- 
cid or tranſparent, there is uſually put, on 
the Back-fide of Looking-glafles, Quick. 
ſilver to render it impenetrable by the 
Rays. Before Looking-glafles were in- 
vented, the Ancients made uſe of poliſh'd 
Metal ; and ſuch a Piece of Metal, made 
uſe of to ſee one's felf in, the Greeks cal. 
led kA .; and from thence that Part 
of Opticks in general, which , of 
N , S krellex 


that ri 
in the 
led Re 
out of 
ted, i. 
Line i 
the K. 
uſefal 
copes, 


lookir 
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reflex Viſion, is diſtinguiſh'd by the 
Name of C atoptricks. kf) 1} 
If the Rays of the viſible Object paſs 


86 


4. 
through different Mediums, fo that they Divpcricks 


are more or leſs diffus'd in the one than 
in the other, then each Ray will be re- 
fracted or broken in one Medium, from 
that right Line wherein it diffus'd it ſelf 
in the other Medium; whence this is cal- 
led RefraFed Viſion. Thus a Ray paſſing 
out of Water into the Air appears refrac- 
ted, i. e. broken or bent, from that right 


Line it made in the Water. And becauſe 


the Knowledge of refracted Viſion is moſt 
uſeful in order to the making of Teleſ- 
copes, and ſuch other Inſtruments; by 
looking through which, Objects are more 
clearly ſeen; hence that Part of Opticks 
in general, which treats of refracted Vi- 
ſion is diſtinguiſh'd by the Name of Diop- 
tricks, al being a Word capable of 
denoting in the Greek Language any In- 
ſtrument made for to look through. | 
To the foremention'd Parts of Opticks 
in general, may be added Perſpective, or 
the Art of repreſenting viſible Objects in 
a Picture, juſt as they appear to the 


Eye. This Art is ſo calld, becauſe 


the Picture is to be ſuppos d between the 
Eye and the Object, and tranſparent 
that ſo the Object may be ſeen through 
it; the Word perſpicere in the Latin 

F 3) Tongue 


what. 


RS 
eripec= 
tive, what. 
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Tongue ſignifying to ſee thraugh a Thing, 

I (h?11 ſpeak of each of the forementi- 

— ond ſeveral] Parts of Opticks, fo far as 

is requiſſte to the Deſign of this Trea- 

| tiſe ; after that I have here adjoin'd the 

Definitions or Explications of ſuck Terms | 

or Words, as are of principal Uſe in Op- 

pt ticks; as alſo ſach Theorems, as are a: 

ll. greeable both to the Principles of Geo- 

1 metry and Experience, and therefore are 

1 us d as Axioms in demonſtrating the The- 
| orems of this Treatiſe _— to . 

= tricks and Dioptricks. 


| = DEFINITIONS. 


| uh + A Radiant is whatever ſends forth 
| Rays from its ſeveral Points. Hence not 
only the Object, ſuppoſe a Candle, is 


called the Radiant; but alſo its Image, 
1 ſuppoſe the Image of a Candle ſeen in a 
Glaſs, is call'd ſo likewiſe. As is alſo 
the Image of an Image, and ſo on. 
Where note, that for Diſtinction's Sake, | 
the Obje& is uſually ſpecity'd by the | 
| Name of the prime (or primary) Radiant. 
And ſo the immediate Image of an Ob- 
ject may be diſtinguiſh'd by the Name of 
a ſecond Radiant ; the Image of the ſaid 
Image, by the Name of the third Radi- 
ant, and ſo on ; that which is ſeen' by 
the Eye ing N 3 


| 5 (where 


* Optic kt. 


% 


ng. (where there are many Images) by the 
Name of the lat Radiant, 
as 2. Parallel Rays are ſuch, as keep all 
ba. along at an equal Diſtance one from the 

ms BY 3. Diverging Rays are ſuch, as being 


produced both Ways, concur or meet in 
one Point that Way, which is contrary. 
to their Motion. Thus Fig. 10, the Rays 
AD, AB, and AF, which are ſuppos d to 
come from A, are diverging Rays. 
4. Converging Rays are ſuch, as being 
produced both Ways, concur the ſame 
Way they move. Thus Fig. r1, the Rays 
ED, OB, and HF, which are conceiv'd 
to move toward a, are converging Rays. 
h VN. B. Paralleliſm, Divergency, and 
ot Convergency are to be underſtood of Rays 
of che ſame Point. 
„J. The Focus is that Point, where the 
Rays of the ſame Point being produced 
concur. Thus Fig. 10, A is the Focus of 
the diverging Rays AD, AB, and AF; 
and 4 is the Focus of the converging 
Rays, ED, OB, and HF. Whence it is 
obvious, that the Focus of parallel Rays 
muſt be conceiv'd to be at an infinite Di- 
ſtance, i. e. at fo great a Diſtance, as that 
the Rays of the ſame Point, though they 
are ſtrictly diverging or converging, yet 
diverge or converge ſo very little, (at 
leaſt in reſpect of that Length and Porti- 


(F 4) <2 
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on of them, wherein they are ctſider d J 
| 22 they may be look'd Wen. as. pa- | 
rallel. ” 
6. The Angle of e is ratorally 
and ſo — the Angle ABC * Fig. 8.) 

comprehended between the incident 6 
AB — the Surface B which it ä — 

or) falls upon. But the Angle ABC be- 

ing always the Complement "of: the An- 
gle ABP to a Right; and becauſe what 
is to be prov'd of the Angle ABC may 
be primarily, and ſo more eaſily prov'd, 
of the Angle ABP, hence for Convenien- 
cy ſake Writer of Opticks do uſually 
take ABP for the Angle of Incidence, 
and agreeably define it to be the Angle 
comptehended under the incident Ray 
AB, and a right Line PB perpendicular 
to B the Point of Incidence. Agreeab! y 
alſo hereto, 

7. A Reflex Ang le is that, which is 
comprehended — wa the reflex Ray BE 
and this foreſaid Perpendicular PB, vis. 
the Angle EBP Fig. 8: Though == 
properly or Mail EBO be the Angle 
of Reflexion. 

8. A Refrafed Angle is that, which is 
ecomprehended — the tefracted Ray 
BG and the Perpendicular KF or BF, 
(Tig. ) vis the Angle . 


9: By 


1 


'" 


. 
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9. By - Iuſtection, as a general Word. is 
denoted either Reflection or Refraction. 
And conſequently both the reflecting Sur- 
face BC (Fig. 8) and the refracting Sur- 
face BD (Fig, ) are ſtiled inflecting 


* \ . 
| ; * 


2. The Inflection of any Ray is per- 
formed in a Surface perpendicular to the 
inflecting Surface. Thus (Fig.) the Ray 
AB is reflected into BE in the Surface 
BCDE perpendicular to the reflecting Sur: 
face BC. And likewiſe (Fig.) the Ray 
AB is refracted into BG in the Sur- 
face BOND perpendicular to the re- 
fringent Surface BD. And note, that 
the ſaid Surface wherein any Ray is in- 


flected, 
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1; 2? 


3 Center of it own been of vi- 
on. :? 


—— 45 what Diſtance: fo- 


ever, ſuppoſe Oa, the Eye O can ſee one 


the-ſame; Diſtance; any other Way; vis. 
tawards: bit can ſee at the Diſtance Oh ; 

towards: c at the Diſtance Oc, and ſo 
round, Wherefore the ſeveral Di- 


ſtances Oe, Ob, Oc, &c. being equal one 


to the other, and all proceeding from the 
ſame Point O, it follows that they are 
the Rays of a Circle, whoſe Center is O, 

and Circumference abedefgh. Whence al- 
ſo it follows, that the ſaid right Lines Oa, 
Oh, Oc, &c. are the Rays likewiſe of a 
Sphere 


_ * E Eye js always 1 in the 


Way, it is ſelf-evident, that the ſame | 
Eye, if by no means hinder'd, can ſee at | 


Earth 
Viſio! 
View 
Name 


per Si 


is pla. 
be eq 
Line 

Bount 
Cor 


* ** Opf. 


Sphere g dow by the Tenn of the 


teen end Cirele round about any 


of its Diameters, ſuppoſe e, as an AK. 


is ; and conſequently that O the Eye 


will be the Center of che ſaid Sphere. Q 


D. By 
E Corol. 1. As it is eviletie from what has 
been laid, that could the Eye be placed 
where it might ſee every Way, the Space, 
which would then fall within its Sight, 
would repreſent an entire Sphere ; fo it 
follows, that by the Interpoſition of the 


Earth, the Space or Compaſs of actual 


Viſion, even when the Eye has a full 
View, is equal but to an Hemiſphere. 


Namely, ſuppoſing ae to repreſent the up- 
per Surface of the Earth whereon the Eye 
is placed, the Extent of actual Viſion will 


be equal toithe Hemiſphere Oabede, the 
Line 'EF denoting the Horizon or the 
Boundary of the Sight downwards. 
Corol. 2. From this Theorem it follows 
alſo, that whatever Portion of the Hea- 


vens, (whether All abcde, or only Part 


of it, as bd, or be, &c.Y is ſeen by us, it 
appears as a Portion of the concave Sur- 
face of a Sphere. 

Corol. 3. Becauſe the Sun and Moon 
and Stars are beyond the Extent of di- 
ſtin& Viſion, and conſequently the Eye 
can't diſcern, how far one is more diſtant 
from it than the other; hence it comes to 

a paſs, 


gn 
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paſs, that the Sun, Moon, and Stars, 


do appear to us, as all ſituated in the 


Surface aceg of one and the ſame Sphere 
Oaxceg, and fo equally diſtant. from us, 


though they are in reality at ſeyeral Di- 


ſtances from us. XI 74 
Corol. 4. So much of the Heavens as is 
ſeen by us, vis, abede, appearing of a 
ſpherical Figure only for the Reaſon 
contain'd in this Theorem; it thenee fol- 
lows, that the Body of the Heavens 
may be of a Quadrilateral Figure, as 
ABD, or of any befides à Spheri- 


cal. Wt W155 7 19VT. 1 
Cebolium. This firſt Theorem with its 
Corollaries is of good Uſe to prepare 


have choſen to place this Theorem under 


direct Viſion, partly becauſe it will ſo be 
the more eaſily underſtood, and partly 
becauſe, (though it be not one Homo- 
geneous Matter contain d in the Expanſe 
or Space which we call Heaven, and con- 
ſequently what we ſee therein at any 
eonſiderable Diſtance, we ſee not by di- 
rect, but refracted Viſion, yet) it comes 
to the ſame in reſpect as to the Caſe be- 
fore us, whether Things in the Heavens 


are viſible to us by direct or refracted Vi- 


ſion. 
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The Eye can ſee at one View (5. e. at Fig, 2. 
one Time and Place) no more Objects, | 
than whoſe Rays fall within the Com- 

paſs of a Semicircle, to which the Eye, 

or rather its Pupil, is the Center. . 
De. For the Eye ocaf can ſee only | 

| thoſe Objects, whoſe Rays, paſſing thro? | 
O its Papil, reach to its Retina or Optick [] 
Nerve placed at the Bottom of the-Eye. dl 
But now it is evident from the bare In- 
ſpection of Fig. 2. that no Ray can en- 
ter the Pupil O, but what falls within 
the Semicircle DHE, whoſe Center is O. 
For ſuppoſing a Ray to paſs along ED 
the Diameter of the Semicircle, it will 
paſs over the Pupil O, and not enter it. 
And conſequently all Rays falling with- 
out the ſaid Semicircle, will much lefs 

enter the Pupil. Q. E. D. 

Corol. Rays of Light (as well as other | 

Things, whether natural or artificial) ha- | 

ving a greater or leſs Force, as they are 

leſs or more oblique, it follows that ſuch 

Rays as paſs through the very Middle of 
the Semicircle DHE, are of moſt Efficacy 
in cauſing Viſion, as entring the Pupil. of 
the Eye perpendicularly, and conſequent- 

Jy falling perpendicularly upon the Reti- 

na at the Bottom of the Eye. The 

E the 
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the Image of the Obj ect A will be 


painted "molt. lively and diſtinctiy on 
the Retina. The — b and g of 


the Objects B and G will be palntedk leſs 


lively — diſtinct than the — Image 
4, as being made by oblique Rays: but 


alike lively and diſtinct in reſpect of one 
another, as being made by the Rays By 
_and Gy equally -oblique : and more lively 
and diſtinct than the Images c and of 
the Objects C and F, [becauſe the 
B and Gg are ne oblique than a Rays 
Ce and F.. 
112 Sebol, Agreeably hereto wwe. find by 
Experience, that we ſee moſt diſtinctiy 
ſuch Objects, as (ceteris paribus) are ex- 
actly before our Eyes. And upon this 


Account it is, that, in all the ſeveral 


Parts of Opticks largely ſo called, prin- 
-Cipal Regard is to be had to ſuch Rays, 


as cnter the Eye perpendicularly. : 


-THEOREM HII. 


id Object appears greater or leſs, ac- 
rd ing as it is ſeen under a greater or leſs 


Angle. 


Demonſt. Let'the Lines AB and CD (as 
they are of equal Length, ſo) repreſent 


two Objects of equal Bigneſs. It is evi- 


dent that the Angle AOB, under which 

is ſeen the Object AB, is 'only a Part of 

the Angle COD, under which is ſeen — 
0 


Vow n ofen A* 


Objeck CO. It is alſo evident, that the 
— s AO and BO being extended be- 
e O the Pupil, of the Eye ODC 
will fall reſpeRively- upon the Points 
a and. b of the Retina in the Bot- « 
tom of the Eye; and likewiſe the: m_ 8 
CO and DO being extended beyo 
will fall upon the Points e and 40 1 the 
Retina. Whence it follows, that ab the 
Imago of. the Object AB will be ſo much ö 
n proportion leſs than the Image ed of 
= Object CD, that is, the Object AB 
will appear to a Spectator ſo much leſe 
than the Object CD, (though they be 
both of an equal Bigneſsi in reality,) as the 
Angle AOB is leſs than me Angle Coo 
Q E. D. 
Gebol. Hence it appears, why; the Bit Fx. 4 
tance between the ſame two Objects A 
and B appears to be greater or leſs, ac- 
cording as the Diſtance of the Spectator 
from the ſaid Objects is greater or leſs; 
namely, becauſe the Diſtance AB between 
the ſaid two Objects is ſeen under an An- 
gle proportionably greater or leſs, as the 
| Diſtance of the Eye from the ſaid Objects 
| is leſſer or greater; that is, the Angle 
| AOB is proportionably greater than the 
Angle AEB, as the Diſtance OD is leſs 
than the Diſtance ED. And conſequent- 
Iy (according to this Theorem HL.) the 
Dun AB will appear ſo much in pro- 
portion 


% nw 
> 


fran gh a narrow Hole; do datein croſs 


being (in direct Viſion) a right Line, 


Point C, which being perpetdiculat or in 


Window-ſhuts, and a fmall Hole being 
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— other, ſo as that the Image made 
by the ſaid croſs Rays will be inverted in 
reſpect of its Object. 

Demonſt. The Ray Au proceedin 9 from 
the Point A of the Object or Arrow AB, 


and ſo likewiſe the Ray Bb, they muſt 
croſs one the other, being extended be- 
yond the Hole O. And therefore the 
upper Point A of the Arrow AB will be- 
come the lower Point à of the Image 4b; 
and the lower Point B of the Arrow AB 
will become the upper Point b of its Image 
ab. And the like will hold as to all the inter- 
mediate Points, (except the very middle 


a right Line with O, its 2 will like- | 
wiſe be the middle Point. of the Image 
#b) and conſequently the Image be will 


be inverted in reſpect of its _Obx& AB. 
Q E. P. 


Sebol. t. Agreeable hereto are Expe- 
ments of this Nature. Namely, a Room 
being darken'd by putting 4 its 


made with a common Gimblet or Nail- 
paſſer 


| WL: Opticks Ar 
pafſer in one of the Window-ſhnts, and 
the Glaſs of the Window being remo- 
ved from before; the Hole hy open- 
ing the Caſement or the likes ſuch 
Objects as are without, and fo ſituatec 
as that their Rays will paſs. through 
the Hole, will appear upon a. Sheet of 
white Paper, held on the Inſide overa- 
gainſt the Hole, in an inverted Manner 
according to this Theorem. And the 
nearer the Paper is held to the Hole, ſo 
much leſs will the Image be ; becauſe. as 
much leſs as the Rays Ag and Bh are ex- 
tended beyond O the Hole or Point of 
their Meeting, ſo. much leſs is the Diſ- 
tance between them: Namely, the Diſ- 
tance ed is leſs than the Diſtance ab, and 
conſequently the Image of the Objeck 
(ſuppoſe the Arrow) AB will appear leſs 
on the Paper held at the Diſtance cd from 
the Hole, than it the Paper be held at the 
Dittance , ED ni. 
2. And the ſame has been found, by 
Experiments made for this Purpoſe, to 
hold good in reſpe& of the Eye it ſelf, 
this being as it were a ſmall dark Cham- 
ber, into which are let paſs through the 
Pupil the Rays of outward Objects, 
which paint their Images on the Retina iti 
the Bottom of the Eye, agreeably to this 
Theorem, that is, in an inverted Man- 
ner with reſpect to its Object. As is it- 
= laſtrated 


55 


j oſtrated Fig. 6, which repreſents an Eye 
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having on its hinder Part a little Piece of 


each of its Coats or Skins cut away, till 


you come to the vitreotis Humour. A 
Candle being held before the Eye; and a 
Piece of white Paper being apply'd to its 
hinder Part prepared as aforemention'd, 
the-Image of the Candle has been found 
to be made on the ſaid Paper in an in- 


verted Manner ; All other Rays of Light 


being kept from falling on the Paper by 
dark ning the Room where the Experi- 


ment was made. Concerning which more 


ſhall be ſaid in Chapter IV, foraſmuch 
as the Rays paſſing through the Humours 
of the Eye are refracted, and conſequent- 


ly it is requiſite to underſtand the Laws 
of Refraction, before we can underſtand 


aright, how Viſion is caus'd in the Eye. 
And for the fame Reaſon I omit here 
faying any thing of the Uſe of ſpherical 


Glaſſes in the Hole to a dark Cham- 


ber, for rendring the Images more lively 


and diſtinct. 


3. I ſhall add here (as being of great 
Uſe for the clearer Underſtanding of what 


has been or ſhall be ſaid in this Treatiſe 


of Opticks) a Deſcription of the ſeveral 
Parts of an Eye, repreſented Fig. 7, 
where A denotes the Chryſtalline Humour, 


B the Vitreous, C the Aqueows + D the * 
Cornea Tunica; E the Retina; F the + 
3 Coat 


3 
* 
- 


| 


4 
3 
1 


$2 
CT. 
> 


4 


Coat call'd Choroides ; G the Coat call'd 
Selerotica, being a Part of the Dura Mater 


. 1 f *. L 22 22 : 4 > | &+ * Jn 
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continued about the Ball of the Eye on its 
inner Part; H the Optick Nerve without 
the Ball of the Eye ; I the Coat or Skin 
call'd the Uzee ; K the Hole of the V- 
ves, call'd in one Word the Papil. 

It remains only to obſerve further, that 
moſt, if not all the Particulars taken no- 


tice of in this Chapter, belong not to di- 


rect Viſion alone, but are applicable alſo 
to reflected and refracted Viſion; which 
we proceed to ſpeak of in their Order. | 


— 


CHAP. III. 
of Catoptricks , or Reflex Viſion. 


THEOREM I. 


F a Ray AB of Light be reflected by a Fig. 8. 


plain Surface GC, the Angle PBE of 
Reflexion will be equal to the Angle PBA 
of Incidence. RE.” | 
 Demonſt. Draw BP, and alſo AC, per- 
ndicular to GC. The Medium GCe 


being ſuppos'd homogeneous to (i. e. of 
the ſame Nature with) the Medium 
ws (G 2) EBCD, 


i $00 
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EBCD, it follows that all the Rays com- 
prehended between AB and AC, and 
which take up or ſpread all over the right 
Line BC, were they not hinder'd (by GC 
the reflecting Plane) from paſſing thro 
the Medium GCde, would therein diffuſe 
themſelves after the ſame Manner, as in 
the other Medium EBCD, that is, (the 
right Line AB being continued to e, and 
AC to d,) at the Diſtance Be they would 
diffuſe or ſpread themſelves all over de. 
And whereas the reflecting Plane BC does 
neither increaſe nor diminiſb the ſpread- 
ing of the Rays, but only turns them 
back into the ſame Medium they were in 


afore ; hence it is obvious, that after the 


Reflection the Rays will ſpread them- 
ſelves in the ſame Manner, as they would 
have ſpread, had they not fell upon the 
Surface GC, but (that being remov'd) 
gone on in the ſame homogeneous Medi- 
um. But in that Caſe, at the Diſtance 
Be, the Rays would (as is afore ſhewn) 
ſpread themſelves all over ed. Where- 
fore in. the Diſtance BE=Be, they will 
ſpread themſelves all over DE S De and 


_ conſequently the Figure BCDE will be in 


all Reſpects like and equal to the Figure 
BCde ; and indeed is no other than the 
Figure BCde reflected, or turn'd about (as 
It were) half round upon BC. Where- 
tore, if from the equal Angles EBC and 

 eBC 


RY ptickf. 


&BC there be Rare away the * Angles 
PBC and pBC, there will remain the An- 
gles EBP ad «Bp equal one to the _ 
But ABP=eBp, therefore ABP=EBP. 
QED. 

Corol. r. Hence the Angles EBG and 
ABC (which, as has been Defir, 6 and 7 
obſerv'd, are more properly callFd thi 
Angles of Incidence and Reflection) are 
equal one to the other. Namely, be- 
cauſe PBG PBC, and PBE—PBA , 
therefore (PBG—PBE=)EBG=(PBC 

—PBA—)ABC. 


% ln gd ©) yt» 


fo the Incident, then the incident Ray 
AB wag be its Reflex. 

Cor. 3. If the Angle PRE=PBA, or 
GBE=CBA, then BE 1s the Reflex of 
AB: . 

\ Schol, What has been prov'd as to a 
reflecting Plane GC, the ſame holds good 
alſo in reſpe& of any reflecting Curve Sur- 
face PO. For the Inclination or Dire&i- 
on of the Curve, at B the Point of In- 
cidence, is the ſame with the Inclination 
of the Plane DE that touches it there. 
And therefore the Reflection following 
always the Inclination, will be the ſame, 
= whether it be ſuppos'd to be made by B 
as à Particle of the Curve Surface PBQ, 
or of the Plain DBE. And the ſame 
holds good as to refracting Surfaces. 
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- Cor. 2. If the reflex Ray BE be taken | 
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Fig. 10. 


the Image of @ will appear. But now the 


ting Plane, each Diſtance CA and Ca be- 


Rays proceeding from the Obj ect (or a- 
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THEOREM U. 


At what Diſtance CA an Obj jd Ai is 
placed before a reflecting Plane Er (whe- 
- ther of Metal or Glaſs, G..) at the 
ſame Diſtance Ce will « the Image of 
the Object appear behind the ſaid reflec- 


ing meaſur'd upon one and the ſame Per- 
pendicular to the ſaid Plane, viz. upon 
As. 

Demonſt. Let AD, AB, and AH: be 


ny Point of the Object) A ; * let DE, 
BO, and FH be their reſpective. reflex 
Rays. It is evident, that theſe being ex- 
tended beyond CF G. e. behind the re- 
flecting Plane) will all meet in a, which 
therefore will be the Focus of the ſaid 
Rays, and conſequently the Place where 


Angle. aDC=EDF, and EDF=ADC 
by Theorem I. of this Chapter; where- 
fore aDC=ADC. And becauſe in the 
Triangles ACD and «CD, the Angle 
ADC bc. and alſo AcD co, and 
the Side CD is common to both Trian- 
gles, therefore CA CA. And after the 
very ſame Manner may it be prov'd, 
that in the other Triangles, ACB and 
«CB, as alſo ACF and «CF, the Di- 

ſtance | 


| opc, ar 
ſtance CA . (any Point in the Objec 
and (*) conſequently of all) the Object 
Al is equal 5 the Diſtance Cæ of the Image 
4. Q. E. D. 
Cort 1. Hence it follows, that ſuppo- 
ſing the reflex Ray OB to be that which 


- comes to.the E'e plac'd at O, though all 
. the reſt of the Looking-glaſs or other re- 


flecting Plane, CF be cover'd (or taken 
away) but the Part B. yet the Image 
will be ſeen by the Eye; whereas if the 
Part B be hid, and all the reſt uncove- 
red, the Image can't be ſeen by the Eye 
at O. 


ects are inclin'd towards the reflectin 
Plane, will alſo their Images be inclin'd, 
And conſequently in ſuch a Plane or 
Looking-glaſs plac'd horizontally, Objects 
will appear inverted, or with their upper 
Parts downward, 
Cor. 3. Becauſe aB==AB, therefore 
4—AB—BO, that is, the Diſtance of 
the Image from the Eye is equal to the 


d * 
v . 4 p =o i". - 
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- (*) Namely, as the viſible Object is conceiv d to con- 
fiſt ol ſeveral Radiant Points, ſo the Image of rhe whole 
Object is made up of all the Images of % ſeveral Radi- 
ant Points, taken together; as is more fully illuſtrated 
by Fig. 11 and 12, of which ſec more in the fo lowing 


Schglium, . 
„ 


. 


Cor. 2. After the fame Manner as Ob. 
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1 
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* Cor. 4. Whatever has been ſaid of 


the Image of any Object or prime Ra- 


diant, the ſame holds true alſo of the 
Image of an Image, Whence ariſes 
the multiplying of Images by Means of 
two or more reflecting Planes duly pla- 
ced. Wherein this is moſt remarkable, 
the Diſtance of every Image is equal to 
the Ray propagated from the prime Ra- 
diant to the Eye, through all the inter- 


mediate Reflexions. : 
Schol. 1, It is obſervable, that by this 


Theorem, the Focus A of Rays AD, 
AB, and AF falling on the reflecting 
Plane CF being 10 thereby may be 


found the Focus # after Reflection; name- 


Iy, by drawing AC perpendicular to CD, 
and extending it to 4 ſo, as that Ca may 
be equal to CA, For then @ will be the 
Focus ſought. | 


Scbol. 2. For the Sake of fuch ds may 


not ſo readily apprehend from Fig 10, 


how the Image of a whole Object is ſeen 
by Reflection, I have therefore added Fig. 
11 and 12. In each of which AB de- 
notes a Croſs, and ab its Image ſeen by 
the incident Rays reflected to the Eye at 


E by the reflecting Plane CF. Namely, Fig. 
Ii ſhews expreſsly, how the Rays AG 


and 


WII ee 15 t 


ties 45 of. the Object are reflected to the 
Eye, and To ples, the Image of 1 and B 


ro appear at à and b; and Fig. ews 
wits in like Manner us i Images of the 
Pons 5 5nd and H of t Object appear at 


d and 5; namely, in boch Figures the I- 
mages appear, where the reflex Rays EG 
and El being extended, meet with the 
Perpendiculars Aa. Bb, Hh, and Dad; and 
ier Ca=CA, Fb FB, Cb CH. and 
F4=FD. And the ſame may be ſhewn 
as to any other Points. 


rHEOREM M. 
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and BI that come from the 5 Exiiewl- 


If a reflecting Glaſs (or other Surface) Fig. 13. 


BD be ſpherical, either concave or con- 
vex, 5 the Obj ect E be far diſtant 
from the Glaſs z its Image will, to the 
Eye placed in the Axis AB of Radiation, 

appear at C the Middle of the Semidia- 


meter AB of the Glaſs, But if the Ob- Fig. 1 
ject E be not far diſtant, then its Image 15, 10. 


will, to the Eye in the Axis, appear at 
that Place ©, where (BC: CA:: BE: 


EA, that is, where) the Diſtance of the - 


Image from B the Vertex of the Glaſs will 


be to its Diſtance from A the Center of 


the Glaſs, as the Diſtance of the Object 
from the ſaid Vertex is to its Diſtance 
from the ſaid Center. 


1 
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. T have choſen to comprehend all that 


relates to reflecting ſpherical Glaſſes, with 


reſpect, to the Eye placed in the Axis of 
Radiation, under one Theorem, that 
thereby may the more eaſily be diſcern d 


the uniform Manner, whereby Viſjon is 


perform'd in ſuch Caſes. 


In reference to which it is to be ob- 


ſerv'd, that (although in the Figures be- 
longing to this Theorem, the Point D be 
laced at ſome conſiderable Diſtance from 


emonſtrations, yet) D is to be ſuppos'd 
very near to B, becauſe otherwiſe the Re- 
flex CD of the Incident Ray ED will not 
affect the Eye placed in AB. For the re- 


flex Rays of all ſuch Rays as fall more 


remote from B, will paſs by on one Side 
of the Pupil of the Eye, and ſo contri- 


bute nothing to the Sight of the Image, 


Add hereto, what has been obſerv'd in 
the Corollary of Theorem 2, Chap. 2. 


Hence Notice is here taken only of ſuch 


Rays as fall upon the Glaſs very near to 


its Vertex B. Theſe Particulars being 


premis'd, I come now to the Demanſtra- 


tion of this Theorem, in reſpect of its 


four principal Cafes following. | 
Caſe 1. When the Object is far diſtant 


from the Glaſs, ſo that the Rays coming 


from any one Point thereof may be con- 
cgv'd parallel one to the other, as well 


25 


for the more diſtinctly perceiving the 


 Opticks, - . 


as to the Axis AB, as the Ray ED. In 
ſach a Caſe the Image will appear, to the 
Eye placed ſomewhere in the Axis, at C 
kf Middle of the Semidiameter of the 
Glaſs. For biſect AB in C, and draw 
AD and CO, and produce them on the 
other Side. of BD the Glaſs. Becauſe 
the point D is look d to be fo very 
near to B, as in a Manner to coin- 
cide with it, therefore we may alſo 
look upon CD=CB ; and by Conſtruc- 
tion CA=CB, Va, CA=CD, and 
conſequently the Angle CAD=CDA. But 
the Angle CAD=EDA the Angle of Inci- 
dence of the Ray ED, (for AD is perpen- 
dicular to the Surface of the ſpherical 
Glaſs.) wherefore the Angle CDA is e- 
qual to the Angle of 1 of ED, 
and therefore (by Cor. 2, Theorem l. Chap. 


39 DC is the Reflex of the Incident ED 


upon the Concave Surface of the Glaſs 
BD. And the like may be demonſtrated 
as to the Convex Surface. of the Glaſs 
BD. For, becauſe the Angle EDA=eDO, 
and CDA=NDO, therefore the Line 
DN will be the Reflex of the Ray eD, 
and being produced backwards (or on the 
Concave Side of the Glaſs) will touch 
AB alſo at C. And what has been de- 
monſtrated of any Ray ED taken at plea- 
ſure, the ſame holds true of all Rays in 
the ſame Circumſtances. Wherefore Rays 


parallel 


te — TCL Is — - 


The Young Genileman's 
parallel to AB, and whoſe reflex Rays 
contribute to the Sight of the Image, if 
they fall upon a Concave Glaſs, after 
their Reflexion will concur at C; and 
from thence diverging again, will render 

the Image viſible at C, to the Eye placed 
ſomewhere in AB. And the reflex Rays 
of ſuch parallel Rays, as fall upon a 
"Convex Glaſs, do diverge from C, and 
conſequently render the [mage viſible at 
C, to the Eye plac'd in AB produc'd on 
the convex Side of the Glaſs, that is, if 
eD be the incident parallel Ray, ND will 
be the Convex, which will form the E 
mage at C. Q. E. D. 
Corol. Hence, and from Corol. 2. Theo- 
rem I. of this Chapter, it follows, that 
Rays diverging from C and reflected by 
a Concave Surface, or converging at C 
and reflected by a Convex Surface, are 
parallel to AB ; that is, it CD be the In- 
cident, DE is the Reflex ; or if ND be 
the Incident, De is the Reflex. 

Cafe 2. If the Object E be not far diſ- 
tant from BD the Glaſs, and ſo the Rays 
proceeding from any ſingle Point thereof 
are (not parallel, but) diverging, then 
the Image will, to the Eye in the Axis, 
appear at that Place C, where BC: CA:: 
BE: EA. And this ſhall be demonſtra- 
ted firſt in reſpect of Concave Glaſſes, 
and when the Diſtance of the Object is 

greater 


— 
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ater than half the Semidiameter of the 
Glaſs, For let the Point C be ſo taken ir 
AB, as is requir'd ; and draw AD wy 
CD. . Becauſe (for the Reaſon. above- 
mention d) ED EB, and CD=CB, 
therefore by Conſtruction CD (SCB) 
: CA:: DEC SBE): EA. Wherefore al- 
ternately CD : DE:: CA: EA. And ſo 
by (Prop. 3. Euclid. 6.) the Angle ADE 
—ADC. But ADE is the Angle of In- 
cidence of the Ray ED; therefore (by 


Corol. 3. Theorem I. of this Chapter) De 

is the Reflex of the Ray ED. And ED 

being taken. at Pleaſure, it follows that 

the Focus of all other. Rays diverging 

from E will, after their Reflection by a 

concave Glaſs, be at C, and conſequent- 

1y the Image of the Object will appear 

at C, to the Eye placed in the Axis 

(AB produced, or) EB. Q. E. D. 

Cor. 1. Hence C will be the Focus of 

Rays eD converging to E in the like Cir- 

cumſtances, and reflected by a ſpherical 

convex Reflecter. 1 | 

Cor. 2. Hence and from Cor. 2. Theo- 

rem I, of this Chapter, if CD be the Inci- 

dent, DE will be the Reilex ; and if ND 

1s the Incident, De will be the Re- 

ex. 8 

Caſe 3. And the ſame holds true, when Eg. 15. 

the Diſtance of the Object is leſs than 

half the Semidiameter of the Glaſs. F or 
| in 


%, 


. conſequently the Image of the Object will 
is. 
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in AB extended, let C be taken accord- 
ing to the Prop. be requir'd ; and let 
AD and CD be drawn and produced; 

as alſo let ER be drawn parallel to CD. 
The Arch BD' being as Nothing, there- 
fore ED EB, and CD g CB. Whence 
ED: EA:: CD: CA; and fo (by Rea. 
ſon of DC being parallel to ER) ED: 

EA:: ER: EA. Wherefore ER ED, 
and the Angle ERDE DR. But EDR 
is the Angle of Incidence of ED, and 
ERD=NDA its Altern, therefore (by 
Cor. 2. Theorem I. of this Chapter, ) DN 


is the Reflex of the Incident ED. And | 


ED being taken at pleaſure, it is manifeſt, 
that all Rays proceeding from E, and re- 
flected by a concave Glaſs, being extend- 
ed backwards, will concur in C; and 


appear at C. to the Eye placed in the Ax- 
Q. E. D. 
Corol. 1. Hence if CD be the Incident 
on a ſpherical Convex Reflecter, De will 
be the Reflex, and ſo the Image will ap- 
pear at E, 

Cor. 2. Hence and from Cor. 2. Theorem 


I. of this Chapter, if ND be the Incident, 


DE vill be the Reflex; and if eD be the 
Incident, DC will be the Reflex. 


Caſe 4. The like holds good in reſpect 


of convex Glaſſes, For in AE let C be 
taken according to the Proportion re- 


quir'd 


F —\ : e 
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quit d in this Theorem, or (which comes 


let to the ſame) ſo as that AC eee yh 
d; EB, and let CD be drawn and extended; 
D. and parallel thereto let ERK be drawn, 

e- till it meets in R with AD produced: The 

ce Arch BD being as Nothing, therefore 
a- CD CB, and ED EB. And therefore 
) AC: CD:: AE: ED. But becauſe: the 


Triangles ACD and AER are equiangu- 
lar, therefore AC: CD:: AE: ER; and 
ſo AE: ED :: AE: ER; and therefore 


Jy ER—ED.->.- And conſequently the Angle 
N (ERD, or its Altern, and ſo Equal) 
id NDR=EDR-the Angle of Incidence of 
t, ED: Wherefore DN is the Reflex of the 
e- Incident ED. But ED being taken at 
J. pleaſure, it is evident, that all the Rays 
d diverging from E, and entring the Eye 
Il placed in the Axis, after they are reflec- 


ted by the convex Surface BD, will di- 
verge from the Focus C; and conſe- 
quently the Image of the Object E will 
9 at C to the Eye fo placed. Q. 
Coroll. Hence if ND be the Incident, 
DE will be the Reflex; and if in a con- 
cave Reflecter eD be the Incident, DC will 
be the Reflex ; or if CD be the Incident, 

De will be the Reflex. | 
Schol. From this Theorem is deduced 
the Way of finding the Focus of pars 
c 
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lel or other Rays, falling upon ſphert- 
ry Surfaces, after their Reflection, vz. 
The Focus C of ſuch parallel Rays 
after Reflection is found by biſect- 
ing the. Semidiameter AB of the Sphere 
in C. 1 
5 end die Focus C of ther Rays falling 
upon a ſpherical Surface, is found after 
Reflexion, by wg C ſo, a _ BC: 
AC 12 BE: AE. 
And thus it has 0 8. iboth by 
E Way: of Theorem and Problem, where 
the Image of an Object will appear in a- 
ny ſpherical Glaſs (or othef᷑ like reflect - 
ing Plane) to the Eye placed in the Axis 
of Radiation. And this is ſafficient to 
our preſent Purpoſe, not only becauſe 
moſt optical Inſtruments are made after 
this manner, but alſo becauſe the Image, 
only in this Situation of the Eye, appears 
ſo lively and diſtinct, as to deſerve the 
Name of an Image. Hitherto both Object 
and Image have <0 denoted only by in- 
gle Points, as being ſufficient to illuſtrate 
What has been 3fore deliverd. I now 
proceed to ſpeak. of, Object and Image 
vonſider d as r or Surfaces. 
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The Image CT of a tadiant plain sur- 


face FE, * by a ſpherical Glaſs BD, Ty. o 


is alſo 2 plain Surface. 

From A the Center of the Glaſs, draw 
AE perpendicular to FE, and meeting the 
Glaſs in its Vertex B. And (+ccording 
to Theorem Ill, of this Chapter) let C be 
the Image of the Point E. through which 
draw parallel to FE the Plane Er. In 
the Plane CT will appear the Image of 
the Plane FE made by the Glaſs. 

Thus let AF be the Ray, drawn from 
any other Point F of the radiant Plane 
FE to the Center of the Glaſs, and meet- 
ing with the Glaſs in D, and the Plane 
CT in T. And by Conſtruction let CD 


be the Reflex of the Incident ED; and 


let the Reflex of the Incident FB be BH, 
meeting the Ray FD in H. Now, be- 
cauſe we ſuppoſe in the preſent Caſe the 
Angle FAE to be ſmall, therefore the 
Arch BO will be alſo ſmall, and in effe& 
no other than 2 little or ſhort right Line. 
And the Circumference of the Circle de- 
ſerib'd with the Diameter BF will paſs 


through the Points D and E. becauſe the 


Anais FEB and FDB are right. Whence 
the Angles BFD and BED beitig in the 
ſame Segment, are equal. And when 
the Angles at Aare Verticals or the ſame, 


(H) it 
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it will follow that FRA=EDA. And 


(becauſe by Theorem 1,” of this Chapter) 
ABH=FBA, and ADC=EDA, there- 


' fore-ABH=EDC. Whence the Trian- 


geles ABH and ADC are equiangular, 


and ſo ſimilar. Wherefore AB: AH : : 
AD: AC; and whereas AB=AD, there- 


fore AH=AC. But by reaſon of the 


Smalneſs of the Angle CAT, we may 
ook upon AT = AC. and therefore we 
may alſo look on AH=AT. But H is the 
Image of the Point F in the radiant Plane, 
whence the ſaid Image is plac'd in the 
Plane CT. And the ſame may be ſhewn 


the ſame Way as to the Image of any o- 


ther Point in the Plane FE. Wherefore 
the Image of the Plane FE is placed in 
the Plane CT. Q. E. D. 185 
If the radiant Plane be far diſtant, then 
the Images of ſeveral radiant Points 
will be (by Theorem III, of this Chapter) 
in the Mid-points of the ſeveral Semidi- 
ameters of the Glaſs tending to the ſaid 
radiant Points, that is, the Image of a radi- 


ant Plane far diſtant will have the Figure 


of a ſpherical Surface concentrical to the 
Glaſs. But becauſe the (aid Radiant is (ac- 
cording to our Suppoſition) ſeen under a 
ſmall Angle, that ſmall Portion of a ſphe- 
rical Surface, which is taken up by the ſaid 
Image, will ſcarcely differ from a plain 
Surface, to which AB is perpendicular- 


Whence 


Opti olT 
Whence this Theorem holds good in all 


Caſes: for the Demonſtration will ſerve 


for any other Caſe, as well as thoſe two 
repreſented in Fig 17 and Mia 19145 

Cor. If the Angle EAF be to great, 
the right Line AH: will be ſenſibly Jeſs 
than AT. Whence an Object being ſeen 
under ſuch an Angle, its Image, if made 
by a concave Glaſs, will appear concave; 
if made by a convex Glaſs, will appear 
convex. {| 


"THEOREM V. 


— — 


116 "i 


The Object HF, and its Imas bf, are Eg. rg 
ſeen under equal Angles HBF and bBf & 20. 


from the Vertex B of the reflecting Curve 
BD, whether convex (as Fig. 19) or con- 
cave (as Fig. 20.) i 


Demonſt. Draw AE perpendicular to 


HF, (which by Theorew IV, of this Chap- 
ter, will conſequently be perpendicular to 
bf.) and meeting the reflecting Curve BD 
at B. Draw alſo BF, BH, Bf, Bh, and 


Ff, which laſt will paſs through the Cen- 


ter A; foraſmuch as according to our 
Suppoſition the Image of every Point 1s 
=_ in the Axis of Radiation. In like 
anner the Points H, A, and / will be 


in the ſame Axis. Now by Theorem III, 


of this Chapter . BE: EA:: BU 5 CA. 
Wherefore BE : BC: : EA: CA. But (by 
reafon of the equiangular Triangles AEF 
and ACF) EA: CA:: EF : Cf. Where- 

: (H 2) fore 
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fore BE: EF: : BC: Cf And whereas 
the Angles BEF and Bef are right, there- 
fore the Angle EBF=CBf. And in like 
Manner the Angle EBH=CBb. Wherefore 
HBF=4BF. Q. E D 

Corol. The Obiec FH (if it be a Line) 
and irs Image fh. are one to the other, as 
their Diſtances from the Vertex, BE, and 
BC. But if the Object be a Surtace, it and 
its Im: ge will be one to the other, as the 
Squares of their Diſtances aforeſaid. 


| Whence, the Diſtance of the Obje& and 


the Image from the Re flecter being given, 
thereby is given alſo the Ratio or t roporti- 
on of the Image to the Obj ct. And in like 
Manner may be found the laſt Image of 
an Object when it is propagated by ma- 
ny Reflecters. Laſtly, it is evident, 
that the ſame will hold true in all re- 
ſpects, it fb be the Obz- ct, and HF the 
Image. 

Schol. By what has been ſaid, it is ea- 
fie to account for and illuſtrate the Parti- 


culars rel-ting to Images made by ſphe- 
rical Re flecters. Of which the more re- 
markable are theſe that follow, vis. 

1. If the Refli&er be concave, and 
the Diſtance BC of the Obj ct bf from B 
the Vertex of the Reflecter, be leſs than 
half the >emidiameter, then Its Image HF 
will appear beyond or behind the Reflec- 
ter, and in a right Foſition, (as in a plain 


* 


Opal. 


Refſecter, namely the upper Part of the 
Object will appear the upper Part of the 
Image 3 the lower Part of that, the low- 
er Part 'of this. Goc.) and as the Object is 
placed nearer or farther from the Reflec- 
) ter, within the Diſtance of. the Semidia- 
meter, ſo will the Image be nearer or tar- 
J ther from the ſame, and appear leſs or 
more magnify'd.: All which Particulars 
F will be illuſtrated by comparing together. 
11 F. 19 and 21 and 22. Namely in Fig. 

21, the Object bf. being placed a fourth. 
. Part BC of the Semidiamettr BA from 
the reflecting Concave BD. and in fig. 
19, the Object bf being placed a third 
Part BC of the Semidiameter BA from the 
ſame concave Reflecter, it is evident that 
in the former the Image Hf (as well as 
the Object ). is nearer to the RefleQer, 
— leſs proportionably, than in the Jat- 

And in both Figures the Image ap- 
f pt in a due Poſition, .. viz. F is on the 
T ſame Side of the Axis AB as F and H as 
g 5. And therefore if f be the upper and 
F þ the lower Part of the Obj ct. F will 
i be likewiſe the upper, and H the lower 
Part of the Image; Laſtly. it is Gen, 
that in both Figures f and HF, i e. the 
1 


Object and its Image, are one to he o her 

as their Diſtances from the Vertex BCand 

BE; vis. in Fig. 19, BC: BE: 

75 HF. And ; in Fig. 21. BC: BE: 45 
251: HF. | 15 3) A, 4 
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2. It is evident from comparing toge- 
ther Fig. 19 and 22, that if the Reflec- 
ter be convex, and ſo HF the Object, 
and bf its Image, then likewiſe the Image 
will appear in its due Poſition ;; and alſo 
as the Object is brought "nearer to the 
Reflecter, fo will che Image come nearer, 
Bur in this a convex Reflecter differs from 
a concave, viz. that (whereas iti a con- 
cave, che nearer the Gbject f is to the 
Vertex B. the leſs will the Image HF ap- 
pear, as is evident from comparing, as 
has been ſaid, Fig.” 19 and 21, on the 
contrary) in a convex, the neaterthe Ob- 
jet HF is to B the Vertex, the greater 
will the Image bf appear, as is evident 
from comparing Fig. 19 and 22. If is al- 
ſo remarkable, that be the Object HF re- 
moved never ſo far diſtant from the re- 
flecting Convex beyond the half Semidia- 
meter, yet its Image will fix it ſelf at the 
half Semidiameter- 

3 ff the Reflecter be a Concave, and 
the Object HF be more diſtant from it 
than the length of the Semidiameter AB, 

(as Fig 20 and 23) then the Image hf will 
be more diſtant from it than the half Semi- 
diameter,and yet leſs thanthe whole Semi- 
diameter, that is, it will appear in the Air 
between the Obj et and the Reflecter; and 
alſo it will appear in an inverted Poſi ition, 
that is, the Point F aach its Image f will ap- 
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pear on contrary Sides of AB the Axis, as 

will the Point H ü and its Image h ; (and 
ſo of any other Point of the Object, and 
its Image,) whence if F be the upper or 
right Hand Part of the Object, f will be 
the lower or left hand Part of the Image, 
G. Likewiſe it is evident from compa- 


ring Fig. 20 and 23, that in this Caſe, as 


the Object HF is remov'd: farther from 
the Reflecter, ſo: its Image bf will come 
nearer and appear leſs; and on the con- 
trary, as the Object comes nearer, the 
Image will go off farther, (and appear 
bigger) till they meet one the other at 


the Center A. In like Manner if 5h be 


the Object, then HF will be the Image 3 
the Affections whereof are eaſie to be ac- 
counted for, from what has been ſaid. 
It is alſo obſervable that if the Object HE 
be remov'd: ſo: far from the Reflecter, as 
that the Rays of it falling near the Vertex 


B of the Reflecter, may be eſteem'd pa- 


rallel to AB, then (according to the for- 
mer Part of Theorem Ill, of this Chapter) 
the Image hf will appear at the Mid point 
of the Semidiameter of the RefleQer, 
And if the Sun be the ſaid far diſtant 
Object, then the Place of the Image (or 
Mid- point of the Semidiameter) will be 
fhe burning point of the Reflecter, if it be 
conſiderably larger than the Image of the 


Sun. But if a lucid Body, as a Candle, 


. 


reſpondent Manner. 
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be plac'd in theſaid Mid-point of the 
Semidiameter, it will caſt a Light to a 
great Diſtance. Add as in this Caſe, no- 
thing but Light will appear on the Sur- 
face of the Reflecter; ſo when other Ob- 
jects are placed at the half Semidiameter, 
nothing but their Colour will appear on 
the Surface of the concave Reflecrter.. 
4 Ir is obſervable, that ſuppoſing the 
Object to ſtand ſtil}, and the Eye to 
change its Place, the ſame alterations will 
be produc'd in reſpect to the Image, as if 
the Object had chang'd its Place in a cor- 


J. It is evident from Fig. 19— 23, 

that a reflecting Concave magnifies, that 
a reflecting Convex leſſens an Object: 
Namely, if in the ſaid Figures BDG be 
conſider'd as a Concave,” then hf will be 
the Object, and HF the Image, which is 
in all the ſaid Figures much larger than 
A the Object. But if DBG be conſider d 
as a Convex, then HF will be the Ob- 
ject, and If the Image, which is in all 
the ſaid Figures much lefs than HF. 
6 It is obſervable, that cylindrical Re- 
flecters whether concave or convex, muſt 
render the Image deform'd, For a Cy- 
linder being generated by the Motion of 
a right Line round two' parallel Circles, 
hence ſuch a Reflecter muſt-partake. part- 
ly of the Properties of a plain Reflecter, 


partly 


Quit bf \ 1 | 


cardly: py a fi pherical. Of — in re- | 
ſpe&:of its right Lines, in Longitude z,of 
this, in reſpect of its circular Lines, 
Round-ways. Hence the Longitude or. 
Height of an Object being repreſented 
| jultiy, 28 by a reflecting plain Surface; but 
its Latitude magnify'd or diminiſhed, ac- 
cording as the Reflecter is a Concave, or 
Convex ; the Image appears diſproporti- 
onable. But on the ſame; Account, if a 
Picture be drawn proportionably bigger 
in breadth than in Length, its Image will, 
be repreſented by a reflecting Cylinder in 
its juſt Dimenſions. Which is illuſtrated. 
Fig. 24 25, 26. Namely, in Fig. 24, is 
drawn at picture in itz juſt Dimenſſ- 
ons, and divided into Parallelograms. 
In Fig. 25 are drawn as many circular 
Lines, as there are (in Fig 24) horizon- 
tal Lines parallel one to the other, vis, 
7; all the ſaid circular Lines being con- 
centrical to the circular Baſis of the Cy⸗ 
linder C; and diſtinguiſh'd proportiona- 
bly by right f ines drawn a- croſs them in- 
to as many Diviſions, as the Picture (Fig. 
24) is divided into Parallelograms: : 80 
much of the Picture, as is contain'di in each 
Parallelogram being to be drawn in each 
of the foremention'd Diviſions anſwering 
thereunto. Which being done, and the 
reflecting Cylinder being plac d on C, the 
Image of the Picture will appear in 6d 
al 
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ſaid Cy 


flecking Cylinder be convex'; which i is ge- 
Serally us d in this Caſe, ad is repreſcnt- 
ed Fx. 26. 


"Lattly, It remains only 88 that 
by the foregoing Theorems may be found 


uch 2 Poſition of the Radiant. as that 
the ſaid Radiant may have à given Pro- 


ter. For Inſtance, let BD ( Fig. 27) be 
the Reflecter, and the given Proportion 
that of BA to AM. "If the Objc& be 


2 Line, biſect BM in E, and by Theorem 


III. of this Chapter find the Focus C an- 
ſwering to the Focus E, which C will be 
the Place of the Radiant. For becauſe 
BO: CA:: BE EA; therefore BC: 

BC-CA : BE BEC EA; that is (be- 
cauſe BEEM) BO: BA 2: BE: AM; 
and therefore BC: BE:: BA: AM. But 
by the Corollury of this Theorem: V, BC is 
to BE, as the radiant Line in C is to its 
Image in Ez therefore the Radiant Line 
in C, is to its Image made by BD in E, 

a8 BA to AM, 5. e. in the Proportion gi- 
ven. If the Radiant be'a Surface, then 
inſtead of AM, a right Line muſt be taken, 

to which BA has a ſubdulicate Ratio of 


that which it has to Au. And this is 


fufficient to our Deſign, concerning Ca- 
toptricks or reflex Viſion. 


” 


linder according to its juſt Dimen- 
ſions, but leſs than the Picture, if the re- 


portion to its Image made by the Reflec- 
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1 
n 


r 17 A5 of ti t be EAU by Fig. 28, 
the lain Surface BD of a Medium of — 

: different Thickneſs, the right Sine of:ABK 

ö the Angle of incidence will, in reſpect of 

che ſame different Mediums, always ha ve 


r . / e . . ode 


the ame oh ot. W odpe2, to ue 


7. 


Ray "AB. whether AB os out of a 

| thitiis r Medium. into a thicker, (as Fig, 
28) or out of a thicker into a thinner, 
(as Fig. 29.) Now as the Light proceed- 
Ing from A, and contain'd between AB 
and AD. will be difus'd within the Me- 
dium DK all over BD; ſo after it has en- s 
ter'd-the new Medium DG, it will-at the | 
Length of BG diffuſe it ſelf all over GN: 
Whereas had the ſame Medium DK been 

SES con- N 
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continued on each Side of BD, the Light 


at the Length of BC (BG) would — 


been diffus d all over CE. But in both Ca- 


ſes (namely, whether the Medium DG be 
different from or the ſame with the Me- 


dium DK) FN=ME, and conſequently 


both the ſaid Lines may be look'd upon, 
as not at all depending an the (*) Facili- 


ties of the M-dtum's, and ſo of no Conſi- 


deration in the preſent Caſe. Wherefore 
GF (i e. GN—FN) and CM Ci. e. CE 
— ME) are to be look d on, as the genu- 


ne Effects of the Facilities of the two Me- 


diums DG and (DC. or which is the 


ſame) DR; that is, GF is to CM, as the 
Facility, of the Medium DG is to the F a- 
cility of the Medium DC or. DK. But 
cu is the right Sine of the Angle 
(CBM=) ABK, which is the Angle of 
Incidence of the Ray AB; and according 
to the ſame Semidiameter, GF is. the 
right Sine of GBF the Angle of Refracti- 
on of the ſame Ray AB. Wherefore 
fince the Angle DAB (=ABK) is taken 
at pleaſure, the like will hold good of a- 
ny other Angle; that is, in the Refrac- 
tion of any Ray AB, let it fall how it 
will on the Plain whereby it is refracted, 
the Sine of the Angle of Incidence is to 
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cc 


0 T This Word is us'd to denote the ſeveral: Virtues, 
which different Mediums have to diffuſe the Light, 


the 


eee 16 - 
the Sine of the Angle of Refraction, as 
the Facility of the Medium DK is to 


the Facility of the Medium DG, whereby 


the Ray AB is refracted into BG. But in 
reſpe& of the ſame Mediums, the Thick- 
neſſes of the Mediums, and the Facilities 
thence ariſing, and their Ratio will abide 
the fame. Wherefore in the Refraction 
of any Ray, the Sine of the Angle of In- 
cidence always keeps,. with reſpect to the 
ſame Mediums, the ſame Ratio or Pro- 
portion to the Sine of the Angle of Re- 

fraction. Q. E. D. | $f 
Corol. 1. If BG be the refracted Ray of 
the Incident AB, the reſt remaining the 
ſame, BA will be the refracted Ray of the 

Incident GB. Ot 15 6 
Cor. 2. The refracted Ray BG of any 
Incident AB is rightly afſign'd, when the 
Sine CM (of the Angle CBM=) ABK the 
Angle of Incidence, is to the Sine GF of 
the Angle GBF contain'd under the aſ- 
ſign'd Ray BG, and the right Line BM 
perpendicular to the refracting Surface 
BD, as the Facilities of the given Medi- 
ums are one to the other. Namely, this 
Corollary is no other than the Converſe 
of this firſt Theorem. 
Schol. 1. In a Ray's paſſing out of a 
thicker Medjum into a thinner (as Fig. ) 
if it be ſo inclin'd to the refracting Sur- 
face, that GF (which is to CM, - the 
acĩ- 
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Facilities of the given Mediums) does ex 
ceed the Semidiameter BC; then the in- 
cident Ray AB: will have no fefracted 
Ray, (after the Manner of an impoſſible 
Cafe in 2 geometrical Problem ;) that 
which ought to be the reftacted Ray not 
entring the thinner Medium DG, but be- 


ing reflected by its Surface, according to 
Theorem 1, of Catoptricks. And this Caſe 


is illuſtrated Fig. 306. 


_  Sehol. 2. When a Ray of Light paſſes 
out of the Air into Glaſs, it is obſerv'd 


that the Sine of the Angle of Incidence is 
to the Sine of the Angle of Refraction, 


as 3 to 2 in whole Numbers; and in paſ- 


ſiug from the Air into Water, I is to R, 
(by which Symbols henceforward is de- 
noted the Ratio of the Sine of the Angle of 
Incidence to the Sine of the refracted An- 
gle, which meaſures the Refraction) as 4 to 
3. And on the other hand, inthe paſſing of 
the Ray out of Glaſs into Air, I will be 
to R as 2 to 33 and in its paſting out of 
Water into the Air, I will be to R as 3 to 
4. Whence the Reaſon is manifeſt, why 


a Ray paſſing out of Glaſs, and falling on 


the Surface of the Air ſo, as to make the 
Angle of Incidence more than about 42 


Degrees, will not enter into the Air, but 


is reflected by its Surface. Namely, be- 
cauſe 2: 3:: 42: 63; that is, the Ra- 


tio ſeſquialtera (as it is called) of 42 is 
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which is to denote the ſaid Ratio of the 
Sine of 42 Degrees mult exceed the Ray, 
this being the Sine only of 60 Degrees. 
In which Caſe the Ray is reflected accord- 
ing te Schl. tc” od bes ( bur 
Schol. 3. It is demonſtrable that if 


E, and refracted by the Surface BD, do 
diverge from C, the Mediums being tranſ- 
pos d, but the ſame intermediate Surface 
BD remaining, the Rays converging to 
E, will after Refraction converge to C. 
Wherefore what ſhall be demonſtrated 
in the following Theorems concerning di- 
verging Rays, may alſo be apply'd to 
converging Rays. e wor COM 
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rent Mediums BDA and BDO, the Image 
of the ſaid Object will appear, at that 
Place C in the right Line EB (perpendi- 


fracting Medium, whether thicker or 
thinner) where CB: EB: : I: R, that is, 
where the Diſtance of the Image from the 
plain Surface of the refracting Medium 
is to the Diſtance of the Object from the 
ſaid Surface, as the Sine of the Angle of 


Rays diverging (Fig. 30 and 31) from 


If an Objec E be ſcen through diffe- Fig. 30, 
& 31. 


cular to the plain Surface BD of the re- 
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Refraction. Me 
| Demonſi, Let ED be any Ray of the 


Od ect E falling upon the — BD. 


Thro* D draw AO parallel to EB. Join 


C and D, and produce CD to F. Thoſe 


Rays only being here (as well as in the 
foregoing Chapter) conſider d, that fall 
near EB the Axis of Radiation. and 
wherein the Eye is ſuppos d to be plac d, 


it follows (for the Reaſons mention'd in 


the foregoing Chapter) that we may 
look on ED EB, and CO CB. Where- 


fore CD: ED: : l: R. But CD is to 


ED, as the Sine of the Angle BED or its 
Equal EDA, to the Sine of the Angle 
BCD or its Equal ODF. Therefore the 
Sine of the Angle EDA is to the Sine of 
the Angle ODF, as I to R. But EDA is 
the Angle of Incidence of the Ray ED, 


therefore ODF is the refracted Angle an- 


ſwering thereto; that is. DF is the re- 
fracted Ray of the incident Rav ED. And 
the fame may be ſhewn of any other 
Ray diverging from E. Wherefore G 
will be the Focus of all Rays diverging 
from E and refracted by BD, that is, the 
Image of the Object E will appear after 


| e at of 2 E. D. 
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Corol. 1. Hence and from Car 1, Theo- 


rem I, of this Chapter it follows that 
(ceteris paribus ) Rays in the Medium 
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BDO.converging to C, will after Refrac- 
tion converge to E. And if the Medi- 
ums be tranſpos'd,. then from hence and 


lows, that Rays in the Medium BDO 


- 
+ = * 


converging to E, will, after Refraction, 
converge to C.z and that parallel Rays 
will, after Refraction at the plain Sur- 
face of any Medium, till continue pa- 
Col. 2. It BDA be Water, and BDO 
Air, then CB: EB: : 3: 4. Whence it 
comes to paſs, that Water appeats not 
to be ſo deep, as it really is, by a fourth 


Parts But if BDA be Glaſs, then CB: 
% Wee Eon 


is Theorem is deduced- 


the Method of finding the Focus C of 
Rays refracted by a plain Surface, viz. 
by drawing EB perpendicular to the re- 


fracting Surface DD, and therein taking 


C fo, 28 that CB : EB: N 


- THEOREM III. 


If the Surface BD of the Medium of Fg: 32; 
different Thickneſs be ſpherical, and the 33. 


Object E be very far diſtant, then its I- 


mage will, to the Eye plac'd in AB the 
2 > 203 Axis 


Sc 01 3, Theorews I, of chis Chapter it fol- T 
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5 Axis of Radiation, and parallel to the 
incident Rays, (as ED,) appear in that 

Place C of the Axis AB produced as 

there is Occaſion, where BC: CA:: I: R. 


Nx. 34, But if the Object E be not very far di- 


35, 36, ſtant, then its Image will, to the Eye 
37. placed in AB produced if there be Occaſi- 
bon, appear in that Place C of AB, where 
the Ratio compounded of the Ratio's of 

EA to AC and of CB to BE is equal to 

the Ratio of I to Rf © 


Demonſt. The firſt Part of this Theo- 
rem (as it relates to Objects at ſo great 
diſtance from the refracting Surface BD, as 
that the Rays proceeding from each ſingle 
Point therein, may, conſider'd by them- 


ſelves, be eſteem'd parallel one to the o- 


ther, ſo it) is thus demonſtrated. Let ED 
denote any Ray falling on BD, and 
draw AD and CD, and produce them. 
The Sine of the Angle BAD or its Equal 
EDO is to the Sine of the Angle CDA 
(or its Complement to two Right) as CD 


to AC, or (by reaſon of the Smalneſs of 


the Arch BD) as CB fo AC, that is, by 


A —_—__ .. 
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( have comprehended all here relating to refracting 
ſpherical Surfaces under this one Theorem for the like 
Reaſon, as I comprehended all relating to reflecting ſphe- 
rical Surfaces under one Theorem; and alſo that the Har- 
mony between reflected and refracted Viſion may the bet- 
ter appear. | 2 
Con- 
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on CD CB, and ED EB. "Wherefore 


opel. 


n as L to R. But EDO is che 
Angle of Incidence of the Ray ED, there- 
| tore DC is its refracted Ray. In like 


manner may it be ſhewn, that any o- 


ther of the parallel Rays proceeding 
from (any Point of) the Object E after 
Refraction will paſs through C. There- 


fore C will be the Focus of all ſuch Rays, 


or which is the ſame, at C will appear 
in this Caſe the Image of an Object very 


far diſtant. Q. E. D. 


The latter Part of this Theorem is thus 
demonfirated. Let ED be the incident 
Ray ; draw AD and DC, and through 
C | SA CH parallel to AD, and mui, 
ED in H. By reaſon of the ſuppo 
Smalneſs of the Arch BD, we may wha 


the Ratio of to Ris equal to the (Ratio 
of EA to AC and the Ratio of CD and 
ED together ; that is, by reaſon of A0 
being Parallel to CH, is equal to the Ra- 
tio of CD to ED and the Ratio of ED 
to DH together, or which is the ſamie, to 
the) Ratio of CD to DH. But CD is to 
DH, as the Sine of the Angle (DHC, or 
its Complement to two right,viz. ADH=) 
EDO is to the Sine of the Angle (DCH 
'=) ADC, or in ſome Caſes to the Sine 
of the Complement of ADC to twoRight. 
Wherefore EDO being the Angle of In- 


- eidence of the Ray ED, it follows that 1 


0 2) is 
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is to R, as the Sine of the Angle of Iu- 
eidence of ED to the Sine of the Angle 
ADC. Wherefore (by Theorem I; of this 
Chapter) DC is the refracted Ray of the 
incident Ray ED. And ED being taken 
it is evident that C will be 
the Focus of all Rays proceeding from E 
after their! aforeſaid! Refraction; and 


.conſequently at C will; appear the Image 


in ſuch Caſes. Q E-iDod i if 
From the firſt Part. of this 8 
and the Corollary of Theorem I, ariſe ſe- 


veral Corollaries; among which we 


ſhall here take notice of theſe following, 
. Corol. 1. Rays ED 0 Air neee 
* AB the xis, after their Refraction at 


the ſpherical convex Surface DB of Glaſs, 


do converge to that Paint, C. whoſe Di- 
{ſtance BG from the Vertex B is equal” to 


ZAB, three Semidiameters of the Sphere. 


Corol. 2. Rays ED in Glaſs parallel to 
the Axis, after their Refraction at. the 


dpharica convex Surface of the Air, do 
iverge from C that Point, whoſe Dt 


| ſtance BC from the Vertex; is equal to 


(3 AB or) the Diameter of the beer 
232, 

Corol. 3. Rays eD in the Air cate. to 
the Axis, after Refraction at DB the 
concave Surface of the Glaſs, do di- 
verge from C a Point three Semidia- 


meters 


j 


© Sw Op@lnut wT 
meters 3 AB diſtant from the Vertex: as 
Fig. 32. ann 145 1.3 15 8 
Corol. 4. Rays eD in Glafs parallel to 
the Axis, after Refraction at a ſpherical 
concave Surface of Air, do converge to 
Ca Point diſtant from the Vertex B the 
Diameter of the Sphere (Y: that is, BC 
2AB, as Fig. 33. | | . 
Corol. 5. In all the four Caſes, which, 
are the Converſe of thoſe mention'd in, 
theſe four Corollaries, the Rays after Re- 
fraction will become parallel to (the Ax- 
is, i. e. to) a right Line drawn through 
the radiant Point ard the Center of the 
Sphere. e Wn 
As to the latter Part of this Theorem, 
there are eight -principal Caſes relating 
thereto, which may all be demonſtrated 
after the ſame Manner, as thoſe four of 
them, which are here mention'd, as be- 
ing ſufficient to our Purpoſe ; and are ex- 
preſs'd by Fig. 34, 35, 36, 37. Of 
which Fig. 34 and 35 relate to Rays pro- 
ceeding out of, a thinner into a thicker 
Medium, the other two, Fig. 36 and 37, 
to Rays proceeding out ot 2 thicker Me- 
dium into a thinner. And in both Caſes 
the former Figure relates to concave Re- 
fringents, the latter to convex. And in 
Fig. 36, is repreſented the Caſe, wherein 
the incident Ray ED is not refracted, 
bat reflected into DC, according to what 
(199 was 


os CD ban C"1.0D Gu UD WD WU «0 


LY", 
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was obſerv'd above, in Schel. 1 and 2 of * 
Theorem 1, of this Chapter. 


Schol. 1. From the former Part of this 2 
Theorem is deducible the Way, how to IM lam 


find the Focus of parallel Rays falling on es 
| ſpherical Glafſes, viz. by taking C in q 5 
= - Ag ſo, as that BC: CA:: I: R. And from mos. 
] the latter Part of this Theorem 1s dedu- oy 
19 ced the Way, how to find the Focus of wy 


diverging Rays falling upon a ſpherical "40 
. Glaſs, viz. by taking C in AB ſo, as that P 


| the Ratio compounded of the Ratio's of 55 
| EA to AC, and CB to BE may be equal Tra 
1 to the Ratio of Ito R. et hi 
| Schol, 2. If the Mediums propos'd be MW dne 
* Air and Glaſs, and the Ray falls out of the wat 
1 5 Air upon the Glaſs (as Fig. 34 and 35) then = 
| the Focus C may be very eaſily found, Poi 


| | namely, by making EA: AB:: EC: BC. 
1 For by tripling the Antecedents, EA: Ve; 
(AB=) AD : : 3EC : (BC=) DC. But the 

EA is to AD, as the Sine of the Angle 

I EDO is to the Sine of the Angle DEA; ay 
| and 3EC is to DC, as the Triple of the Th 
i Sine of the Angle EDC or BDC is to the be 
Fl Sine of the Angle DEA. Wherefore the th: 
8 Sine of the Angle EDO is the Triple of ch: 
ul the Sine of the Angle HDC, and conſe- ſe 


[| quently is to the Sine of the Angle ADC, = 
| as 3 to 2. Therefore DC, or De lying in by 


Lil the ſame direct Poſition, is the Refract of 
ö | the Ray ED falling out of the Air upon 
f | Glaſs. | When 


852% 8 CD CD 


” MR,” WU tt we UTP FF ov, 
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When the Ray paſſes from Glaſs into 
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the Air (as Fig. 36 and 37,) then the 


Focus may be found, according to the 


ſame Principles, by taking C fo, as that 
neee 
_ Schol. 3. By what has been ſaid un- Eg. 36. 


der the foregoing Theorems, there being 
given one Focus of a given Lens, the 
other may be found. Where it is to be 
noted, that by a Lens is denoted a (dia- 
phanous or) tranſparent Body (ſuch as 
Spectacles, Burning-glaſſes, @*c._) of a 
different Thickneſs from the ambient 
Tranſparent, terminated by two Surfaces, 
which are either both ſpherical, or the 
one plain and the other ſpherical. A 


right Line perpendicular to both its Sur- 


faces, is call'd the Axis of the Lens. The 
Points, where the Axis interſects the Sur- 
faces, are cali'd the Vertex s; one the 
Vertex of Incidence or Immerſion, the o- 
ther of Emerſion, accordingly as it is in 
that Surface, on which the Rays firſt fall, 
or through which they paſs out again. 
The Thickneſs of the Lens, is the Diſtance 
between its Vertex's. ' To which add, 
that where more than one Lens is us'd, 
that which is next to the Object, is thence 
call'd the Object Lens; and that which is 
next to the Eye, is thence diſtinguiſn d 
by the Name of the Eye-Leus. 


(l 4) 


Now 


1 ay 
Fg. $8, 


Fig. 38. 


of the Lens, 
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© Now if the Focus before incidence of 
Immerſion be given, and the Focus after 
Immerſion be ſought ; let there be found 


firſt the Focus of the Rays after their Re- 


fraction at that Surface of the Lens, on 
which ther firſt fall; and this is done 
by I heorem Il, if the Surface of the Lens 
be plain; but if it be ſpherical by Theo- 
ren III, namely, by the former Part of 
it, if the Rays are patallel; and by the 
latter Part, if diyerging or (“) converg- 
ing. Having thus found the Focus of the 
Rays after Refraction at the firſt Surface 
(that is, while they paſs 
through the Lens, whence the ſaid Fo- 
cus is call'd the Focus of Tranſition.) in 
like Manner may be found their Focus 


after Refraction at the ſecond Sutface of 
the Lens, 


the ambient Medium, which is contigu- 
ous to this ſecond Sur face; 3 that is, the 


or rather at that Surface of 


Focus after Emerſion. 

If there be more than one Lens pro- 
pos d. after the like Manner is the O- 
peration to be carried on in reſpect to 
each. 


— — cons 


: 
* 1 1 —_. 
1 .. 4 1 „ — — — — 9 _ — — 
7 


(*) Namely, hon to what has been obſerv's of 


*- San Rays in Schol 3: of 1 deren I. * this Chap 


* 
FE 
1 


In 
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Focus of one given Lens or, more, theres. 

by may be found the Focus before Inci- 
dence, that is, the optical Inſtrument 

being given, thereby may be * 

n Diſtance of the viſible f 


THEOREM. IV: 


The Imag e er of 2 * 5 olein Sur- H Fig. 32. 
face EF, gots by a refracting Surface 
BD, whether plain or ſpherical, wil be 
allo a plain Surface. 
= Demonſt, Let A be the center of BD. 
the refracting Surface, and AE be perpen- 
dicular to EF, meeting with BD in B. 
Let C be the Focus of the Rays diverging 
from E and refracted by BD. From F, 
any Point taken at Pleaſure in the radi- 
ant Plain draw, FA meeting with BD in 
D, and the Plain CT in T. The Ray 
De will be the Refract of ED; and Jet 
BH be the Refract of FB. Becauſe the 
Angle EAF is ſuppos'd to be ſmall, there- 
fore the Arch BD may be look'd on 
as a ſhort right Line; and a Circle drawn 
with the Diameter BF will paſs through 
the Points D and E, becauſe of the right 
Angles BEF and BBF. Whence the An- 
os EBF and EDF, (viz. the Angles of 
Incidence of the Rays FB and ED) being 
In the ſame Segment, are equal; and con- 


ſequently | 
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ſequently their N. Angles ABH and 
ADC will be equ 
ſon of the 10 No ples at A, the Trian- 
gles BAH an DAC are equiangular, and 
"vo is to AH as DA to AC; and, where- 
as BA = DA, therefore AH=AC. But 
becauſe the Angle EAF or TAC is very 
ſmall, therefore (in a manner) AT=AC; 

and therefore AH may be look'd on as e. 


qual to AC, that is, * Focus of the ra- 
diant Point F, is placed as near as may 


be in the plane CT. And the Point F 
being taken at pleaſure, it holds good al- 
ſo in all other Points of the Plane EF, that 
their Focus 's, are in the Plane CT; that i is, 


that the Image of the radiant Plane EF 
will in this Caſe' be alſo a plow Surface. 


Q. E. D. + 

Corol. 1. Hence it follows that the I- 
mage of the radiant Plane EF, whereto 
the Axis of the Lens is perpendicular, 
will alſo be a Plane parallel to the for- 
mer. For the Image CT is to be con- 
ceived as the plain Surface, which ſends 
forth Rays upon the (oeond Surface of the 
Lens... 

Corol. 2. If the Angle EAF be too 
great, ſo that AT is ſo much longer than 
AC, as not to be capable of being e- 
ſteem'd equal thereto, then the Image of 
the Plane EF will be concave towards A, 
if BD be the convex refracting Surface of 

a thick- 


Therefore by rea- 


0 + SV CF 00» - FAS V9 


Gepa 


Fl Micker Medi jum, or the concave refrae 
ting Surface of a thinner Medium; Nen 
on the contrary. 


THEOREM V. 
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The Angle 16, under which the 0 * 38. 


Ch appears from G the Vertex of Emerſi- 
on, in a Lens, is equal to the Angle FBH 


under which the Object appears from B 


the Vertex of Incidence in a Lens. 


De monſt. Let GB be the Axis of the 


Lens, and perpendicular to the viſible 
Plane or Object FEH at E, and conſe- 


quently (by Corol. 1, Theorem IV,) per- 
8 to its Image f Draw BF, 
Gf, and G5. O — innumerable 
Rays flowing from the Point F, and af- 
ter Refraction at the Lens again united 
at f the Image of the Point F, let two 


de choſen, whereof one FB; meets the 


Lens at B its Vertex of Incidence, and 
being there refracted tends to p the Fo- 
cus of Tranſition in reſpect of F; and be- 
ing again refracted at L tends towards 7. 
The other Ray FD being firſt refracted at 
D, tends directly to p, till paſſing out of 
the Lens at G the Vertex of Emerſion, it 
is there refracted again, and thence pro- 


ceeds directly to f. The Angle of Inci- 


dence of the Ray DG is DGB, and its 
Refract is z and the Angle 1 
ence 


| 
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dence of the Ray LB, which would (by 
the: Corollary of Theorem I,) be refracted 
into BF, is the Angle LBG, and its Re- 
fract EBF. Now becaufe the right Lines 


pB and p are to be eſteem'd equal, (by 


rexſon that the Thickneſs of the Lens is 


not to be conſider d,) therefore the Sines 


the Vertex of Emerſion, or 


of the Angles DBG and LBG being pro- 
portional to the ſaid Lines pB and 5G, 
and conſequently the Angles themſelves 


DGB and LBG, and therefore their re- 


fracted Angles: CGf and EBF will be e- 
qual. In like manner it may be prov'd, 


that the Angles CGh and EBH are equal. 


Therefore the Angles FBH and fGh are 
equal. (And the like may be ſhewn i in any 
— Caſe.) Q- E. D. 

Corol. Hence it follows, that a fadiant 
Line is to its Image made by a- Lens, as 
the Diſtance of That from the Vertex of 
Incidence is to the Diſtance of This from 
(the Thick- 
neſs of the Lens being not regarded) as 
their Diſtances from the Lens. But if the 
Radiant be a Surface (the homologous 
Lines will keep in the ſame Ratio, but) the 
ſaid Surface will be to its [mage (in the ſaid 


Ratio duplicated, or) as the Squares of 


their Diſtances from 'the Lens. Hence 


may be determin'd the Ratio, which the 


laſt Image, (i. e. that which is immedi- 
ately ſeen by the Eye) made by the Means 


of 


v N Optickesr + 1 1 
of one) Lens or mare, has. e I 
Object. W whol 8. Image it 18. Is 1 1 7 oy 18 

5 Schal. 1470 d loft een ſaidi — 


be acc ſtrated the 
as 92 e keene e 


to), refrackin 2 1 GE Flein 
or, ſpherical... W e i. 
the, more Sf able; arg 120 is fo 

low v, Tt: 441 2.4" 5. El 
1 * It the pins Sails in IL or, Hodel be 


Lens, be plain, 
Glaſs: L convex, = the amb: 

dy be the Air, then (by Corol.-4,,'T heqreve 

It). Db thy be 0 2 of 3 


the Sphere P Axiom 0 
Rays PU 5 oy 10 1 
plain qrface PS, wher d 


perpendicul arly, without, 908. TEICacy 
ted Þ1..0 nd conſec quently, by J hearem, IV 
and V, 175 will be the. Image of the far 
diſtant bj je&, from which proceed the 
Rays EBR, : 5 and therefore the ſaid Image 
will appear in an inverted-Situation. with 
reſpe@ to its Object: Namely, the Point 
F of if the Objef, and the correſpondennt 
Point 10 of the Mage, will be on. 5 2 
a of By th e Axis; 5 of the @ 

_ ats..B and. . E, and e. 15 
885 Tülle bf SE lawer. Bork. 9 
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2. But if the Surface PCQ be convex, 


and PD plain, then (by Corol. 1, Theo- 


ren Il, and Corel. 1, Theorem III of Diop- 


tricks) Cb will be equal to the Diameter 
of the Sphere PCQ, and a third Part of 
the Thickneſs of the Lens over. Or neg- 
lecting the Thickneſs of the Lens, (as is 
uſu! in the Object Lens of à Teleſ- 


cope, ) in this as well as the former Caſe, 


- and conſequently in general of any plain 


N. 42. 


Pig: 43. 


of Burn- 


ing-glaſ- 
ſet. 


convex Lens, it may be ſaid, that the I- 


mage of an Object far diſtant, made by 
ſuch a Lens, will be equal to the Diame- 
„ - x ras bath IIS 
3. H the Lens PO be of Glaſs, and e- 
qually convex on both Sides, then (by 
Corol. 1. Theorem III, and Theorem IV of 
Dioptricks) Db will be equal to the Se- 
midiameter of either Sphere. Laſtly, in 
a whole Glaſs Sphere, the Image of an 
Object far diſtant will appear at the Di- 
ftance of half the Semidiameter from the 
Sphere: For in this Cafe Regard muſt 
be had to the Thickneſs of the Lens. 

4. In all theſe or the like Cafes, if the 
Sun be the far diftant Radiant or Object, 
and the Lens be conſiderably larger than 
the Sun's Image, in the Place of the J- 
mage will be the Burning point: And a- 
ny ſuch convex Lens will burn ſtronget 


than a concave Reflecter (ceteris pari. 


bn) 


bur) by reaſon more Rays are loſt by the 
latter than by the fotm er. 


| 3 . ay r 
Y Nawe Optic LI +143: 
, Cy ' 


Cola » 
5. If in the foremention'd. Place af the of bark 


| Image there be placed à lucid Body 1 ti{e] f z I 
then the Image of the ſaid Body will ap- ven U 
pear at a great Diſtance z that is, the e.. 
ſaid lucid or ſhining Body will caſt a 


Light at a great Diſtauce, ſo as that 


Things ſo far diſtant may be clearly ſeen 
by the ſaid Light. And this is the Manner, 
whereby a Candle, put int a Dark Lan- 
tern with à convex -Chryſtal; | gives a 


Light at fo great a Diſtance as uſual -- 
6. If the Radiant or Object be nqit (as 


- afore) far diſtant, but yet is more diſtant 
from the Lens than is the Place where 
would appear the Image of a far diſtant 


Object; beſides the Affection aforemen- 


tion d, (viz. that the Image will appear 
inverted:) there will be in this Caſe alſo 


theſe other Affections. Namely, as the 
Radiant comes to the Lens, the Image 
will go from it, and contrariwife ; til! 
the Radiant being come into the Plane, 


where would appear the Image of a far 


diſtant Radiant, its own Image becomes 


far diſtant. All which Affections may be 


obſerv'd in a Dark: Chamber, into which 


Objects at ſeveral Diſtances ſend their 
Rays through a convex Lens or Glafs. 


The Place of the Image of each Radiant 
Object may be diſtinctly, known, by ob- 
| | ſerving 


8144 Te 7. ung Gentleman x 
d ſeryving where thelmage of the ſaid Objekt may 
does appear moſt diſtinctly on a Sheet of by 
un White Paper ori the like.. Dio 
Of '« M-; 1% And on-theſe: ſame Principles de- the 
Fier ke pend the Mechaniſm of (what is call'd) oft 
„a Mugicl-Lemerm a namely, whereby befi 


: the Images of little Pictures are repreſent- to b 
ed on a white Wall or the like. the | 
eli the Radiant: be nearer to a con- ſlow 
wer Lens, than the Place .whete: would Ge Bi 


-:appear the — à far diſtant Radi- ont 
a ant αν Qbjectiithen its tmage will appear the 
on the ſame Side (of: 3 8 _ vera 
| Object it ſelf O and its Place may be de- hel 
| | —— given Place of the Ra- Def 
>diant, as afora. The Imagelin-this:Cate a na 
: will»always appear in the like Situation to tl 
| with the Object, and greater thanzit; and ther 
| zafathe Object comes to the Lens, the I- ges 
omage will alſo yd if that goes · from the that 
„Lens, this will alſe ; only the Image will Iy o 
in both Caſes move quicker; .. ſible 
Fig. 44, 9. If the Lens be: concave, then (by it ſel 
& 45. the reſpective Corollaries of Theorem Ll as is 
of Dioptricks)>the:Image iehf-made by: a M (ſup 
Plain concave Lens, PO, will be diſtant to be 
the Diameter of the Sphere. PDO, and Oc.) 
vilh be erect om in the like Poſition with MW ly. 
the Object, and dn the ſame Side with quig; 
the Object reckoning from the Vertex D. term 
If the Surface PC Obe alſo concave, and of ſo 
the Object not far diſtant, its 5 bye 
dur | ma 


Ob ic Pages 


may be Wan after the like Method; 
by knding (according to IHeorem IV of 


the Object which is ſituated in the Axis 
of the Lens. In reſpect to which Image, 
beſides what has been already ſaid, it is 
to be obſerv'd, that it will together with 


Dioptricks) the Image of that Point — _ 


the Object come to or from the Lens, but 


ſlower. 

10. Further, it is here ebe that 
on the foremention'd Theorems depends 
the Mechaniſm or Contrivance of the ſe- 
veral optick Inſtruments, made uſe of to 
help the Eye, or to ſupply the ſeveral 
Defects of our Sight. For, as the Eye is 

a a natural Organ or Inſtrument, deſign'd 
to this End, namely, that on the Bottom 
thereof may be painted the diſtant Ima- 
ges of out ward Objects; ſo it is manifeſt 
that one and the ſame Eye can ſee dittinck⸗ 

1 Iv only at a certain Diſtance from the vi 

ſible Object. Could the Eye always 44 

it ſelf at ſuch a Diſtance from the Object, 

as is neceſſary to diſtinct Viſion, then 


tere * 


to be given, ſuch as a due Degree of Light, 
Oc.) the Eye might always ſee diſtinck- 
ly. *Tis true indeed that the Diſtance re- 
quiſite to diſtinct Viſion is not rigidly de- 
termin'd to one ſingle Point, but admits 
of {ome Latitude ; foraſmuch as the ſame 
Eye can ſo alter its Figure according to 


(K) the 


= > Bo = rr 


(ſuppoſing the other Requiſites to Sight 


Of Telef: 
copes, Mi- 
croſcopes, 
and Spec- 
tacles. 
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the various Diſtance given, that it may 
be look'd on not as one Eye but ſeveral, 


But then, fince this Latitude of Diſtance 
is contain'd within certain Bounds, be- 


yond which the Eye can by no natural 


Means ſee diſtinctly, hence ariſes the 
Need of artificial Inſtruments. And an 

Lens, or ſpherical refle&ing Glaſs, is ſufh- 
cient to remedy this; foraſmuch as there- 
by the Image of ſuch an Object, as we 
can't come to as we would, may (by 


Help of the Theorems above demonſtra- 


ted) be brought near us, ſo as that we 
may have a diſtin& View thereof. And 
of this Kind are thoſe ſingle Glaſſes, us'd 


by ſuch as can't ſee well at a common 


Diſtance, and apply'd by them to one of 


their Eyes, when they would diſcern the 


Face or Picture of a Perſon (or the like) 
that is farther diſtant from them than 
they can diſtinctly ſee with the bare Eye. 
As the Word Teleſcope does in the Greek 
Tongue denote an Inſtrument which helps 
us to ſee far off, ſo theſe, ſingle Glaſſes 
may be call'd ſingle Teleſcopes, to diſtin- 


gniſh them from ſuch Teleſcopes as are 


made of two or more Glaſſes. 
11. But becauſe 


on) it is often requiſite in humane Affairs, 
that the more minute Parts of an Object 
ſhould be diſcern'd ; and becauſe it is 
that an Obj & 

which 


found by Experience, 


(beſide diſtinct Viſi- 


— 2 5 FF, 2 wi —  Yy2L Yo XT 


© Opticks, 


which appears under a leſs Angle than of 


one Minute, appears but as a Point, or 
fo as that its Parts can't be diſtinguiſh d 
one from the other: Hence it often comes 


to paſs, that the Object being brought ſo 
near to the Eye, as that its Particles to 


be examin'd may be ſeen under a ſenſible 
Angle, thereby the Object it ſelf becomes 
too near to the Eye, ſo as not to be wirh- 
in the Bounds requiſite to diſtin& Viſion: 


This Inconveniency, when alone, may al- 


ſo be remedied by any given Lens or re- 
flecting Glaſs; forafmuch as the Image 


of the ſaid Object (0 may by the ſail 


Lens or Glaſs be repreſented (in any gi- 


ven Meafure, 7, e.) fo as to have any gi- 
ven Ratio or Proportion to its Object. 


. (© How this may be done in reſpe& of a reflecting 
Glaſs, is ſhewn above in Schol 7, to Theorem V, or laſt © 
Catoptricks; How the ſame may be done in reſpe& of 2 


Lens or retracting Glaſs, ſhall be here ſnewu. Let a Glaſs 


Lens be given (Fig. 45) the Semidiameter of whoſe fore- 


moſt Surface is AB, the Semidiameter of the hindermoſt 
Surface CB, Draw CM as you pleaſe ; and let the Ratio 
aſſign'd be ſuch as ought to be between the homologous 
Lines of the Radiant and its Image, and be denored by the 
Ratio of MD ro DC. Draw AM, whereto through B draw 
the Parallel BE, meeting CM in E; ME doubled will be the 
ſought Diſtance of the Radiant from the Lens; And after 
the ſame Manner may be found, in reſpect of any given 
Lens, the Poſition; or Place where any Radiant is to be 
pur, that (ics Image made by rhe Lens may be equal ro a 
given Figure, which is ſimilar or like to the Radiant, i. e, 
in ſhort, that) the Radiant may have a given Ratio {to 
its Image made by the Lens. 


(K 2) And 


Fig. 46. 


Fig. 46, 


The Young Gentleman c 
And of this Kind are thoſe ſingle, Olaſſes 
us'd. to ſee the Shape or. Parts of ſmall 
Inſects, and the like, and thence. call'd 
Microſcopes, the Word importing in the 
Greek. Language an Inſtrument, where- 
by we ſee ſmall Things. To theſe may 
be referr'd r gclep. of which more by 
and by. 
But if both the foremention'd 1 8 
niencies concur, then they are not to be 
remov'd but by the joynt Help, either of 
a Lens and Reflecter together, or elſe of 
more than one Lens, or laſtly of more 


than one Reflecter. And how Inſtru- 


ments conſiſting of two or more of theſe 
are made, ſhall be next illuſtrated. _ 
13. Let R denote the Object given, S 
the given Angle under which the Object 
is to be repreſented, D the given Di- 
ſtance of the Sight, and L the given Di- 
ſtance of the Eye from the Lens. Make 
the Triangle AOB, ſo as that the vertical 
Angle at 0 may be equal to the given 
Angle S, and OE the Perpendicular from 


the Vertex to the Baſis may be equal to 
the given Line D. If you'd have the 


middle Point of the Object be in the 


Axis of the Lens or Reflecter, (which is 


moſt convenient for Practice) the Trian- 
angle AOB muſt be made an Iſoſceles. 
BOS: 1 and at V place a Lens or 


| Re- 


bent: a val 
Refſoctor! 0 'as that Its Axis. muy. fall 
in with . 

Then having E thus worn for one Fo- 
eus of the Lens or Reflecter, by the re- 
ſpective; Theorem, Ill of Catoptricks or 
Diopttieks or their Scholium, find the o- 
ther Focus e; namely, that. ſo taking e for 
the Focus defore Incidence, E may be the 
Focus after Inflection at the Lens or Re- 
flerter. Through e draw eb patallelito 
AEB, meeting — Vz and VV (drawn 
through, V; and Parallel to NA ang VB) 
in 2 and Þ, 4 01 

It follows fon Thos v. of Catop- 
tricks of. Dioptricks/(ref: pectively, ascyou 
calculate for a reflecting or refracting. 
Glaſs;) that if eb be the Radiant, KB 
will be its Image. Wherefore if the Ob- 
ject given R, (which is here ſuppos d to 
be near at hand) and a ſecond Lens or 
Reflecter be ſo plac d, according to School. 
7, Theorem V of Catoptricks, or accord- 
ing to the Note before added to Schol. 11 
of this Theorem V of Dioptricks,) that the 
Image of the Object made by this ſecond 
Lens or Reflecter, may appear juſt in the 
Place, Situation, and Bigneſs of geb ; 
there will be thus made ſuch a Microſ- 
cope as is requir d. For aeb will be the 
Image of the given Object R, the Image 
of which Image, and that een by the 
Eye, will be AEB. And this will appear 
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under the Angle AOB equal to the given 


Angle S; and in the Diſtance OE equal 


to the given Diſtance D, and conſequent- 
ly will appear diſtinct ; and laſtly, the 


a Diſtance of the Eye from the Lens or Re- 


flecter next to it in V, will be equal to L, 
the given Diſtance in this reſpect. And 
fo the Inſtrument will be in all Ref pects 
ſuch as is requir'd. 

14. If the Inſtrument be made for the 
Eye of an aged Perſon, then the right 


Line OE becomes infinite, and conſe- 


quently the Point e is to be found by 


Theorem IILof Catoptricks and Dioptricks. 


As for the reſt of the Work, it is the ſame 
as afore. Fi FEA a . 

If the Object propos to be diſtinct! 
fon be far diſtant, then having all (as 4 
fore) given, but the Angle 8, a Teleſ- 

cope may be made fit for the Purpoſ e thus. 
In a right Line extended toward the re- 
mote Object propos d, take from O for- 
ward OE and OV ' equal to the oven D 


and L.; and in V place a Reflecter or 


E of the Lens or Reflecter plac'd at V be- 


Lens having its Axis in VE. The Focus 
ing thus given, ſind the other an 


us e 


namely, that this being taken for the 
Focus before Inflection, E may be the 
Focus after Inflection. In the right Line 
OE fo place a ſecond Lens or Reflecter, 
having alſo its Axis in OE, that the I- 


mage 


un Opticke. W 

mage of the propos d Object made there- 
by, may appear in the right Line aeh 
perpendicular to OF ;. and fo there will 
be made ſuch a Telefcope as 1s requir'd. 
For the firſt Image of the far diſtant Object 
propos'd will be in aeb ; and the Image 
of this Image will be in AEB, the Diſtance 
of which AEB from O is by Conſtructi- 
on equal to the given D, and conſequent- 


ly diſtin& to the Eye; and alſo the Di- 


ſtance of the Eye from V is equal to the 
given L. And from hence may be found 
the Angle, under which the laſt Image is 
Keen, 8 11 * 
16. By the Help of three or more Lens's 
or Reflecters, an Inſtrament may be made 
to repreſent even a far diſtant Obje& un- 


der a given Angle. Namely, let any one 


Lens or Reflecter form the Image of the 


Object propos'd ; and then with the o- 


ther two make (as afore) a Microſcope, 
repreſenting the firſt Image (as being a 
given Radiant nigh at hand) according to 
the Conditions propos d; and ſo there 
will be made ſuch a Teleſcope as is re- 
quird. In like Manner, a Microſcope be- 
ing made of three Lens's or Reflecters, by 
adding a fourth it will become a Teleſ- 
cope. In all which Caſes is known the 
Ratio or Proportion, which the Image 
ſeen by the Eye has to the Object, or 
(which comes to the ſame) the Proporti- 
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en, which'the Angle under which the 


1210 Image is ſeen, has to the Angle un- 
der which the Object i is ſeen without the 


Inſtrument, (which, in reſpect to far 


diſtant Objects, is as the Diſtances of the 
Lens's or Reflecters from the common Fo- 
cus e.) And conſequently from hence 
(according to the Corollary of Theorem 
IV, Chap. III and IV,) may be computed 


how much the Inſttument does help the 


_ | 
17. 1 ſhall next adjoih ſoce Obſerva- 
' Lions in reference to a dark Chamber, as 
was abovemention'd in Schol. 2, Theorems 
IV, Chap. II. Namely, it was there ob- 
Nerv d, that Rays let into a dark Cham- 


ber through a naked little Hole, will 


paint the Images of their reſpective Ra- 
diants on a Sheet of white Paper held a- 
gainſt the Hole, To which it is here to be 
added, that the ſame will — done thro 
a much larger Hole, if a Lens or ſpheri- 
cal Glaſs be placed therein. with this Dif- 
ference, that the Images of outward Ob- 
jets will be painted much more lively 
and diſtinctly this Way than the other 
without a Lens; which is thus account- 
ed for. Through the little Hole (Fig. 
48) muſt neceſſarily paſs fewer Rays 
from the outward Objects than through a 
much larger Hole (Fi. 49.) And not on- 
ly ſo, but thoſe fewer Rays, which paſs 


through 


op ebe N 153 
agb the: * Hole are idiſpets ds 3 
whereas by a convex Lens or Glaſs all the: 
Rays proceeding from any one Point of 
the Object, are united again at a certain 
Diſtance, and ſo render the Image 
much more lively and diſtin&, than the 
other Way. This is illtiſtrated Fig. 48 
and 49. Whence it is alſo obvious, why 
in both Caſes, the farther the Paper is 
held from the Hole, the bigger the Image 
will appear as alſo why the farther the 
outward Objects are from the Hole, the 
5 leſs their Images will bez and why the 

Image made by a Glaſs will appear moſt 
| diſtinctly at the Diſtance ac E. eee 
c ether ſuch like Particulars. 

18. But it is obſervable, that i in both 

Caſes, either with or without a: Glaſs; 
. the Image will appear inverted in reſpect 
of the Object, as has been afore obſerv- 
ed under IHeorem IV, Chap. Il, and is e- 
vident from Fig. 48 and 49. And from 
Fig. 48 it is evident, that when the Image 
4 is painted erect on the Bottom of the 
Eye, then the immediate Radiant abe it 
ſelf is ſeen inverted by us; and. on the 
contrary; when the Image 4bc-18 painted 
inverted on the Bottom of the Eye, then 
we ſee the immediate Radiant ABC e- 
rect. For as in the ſaid Figure the ſe- 
cond Image 469 is erect in the Eye, ſo if 
ſhe Eye were put in the Place of the Pa- 


Per. 
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per, the firſt Image abc would be pain- 


ted therein inverted, in reſpe& of the 
Object ABC. K „ on 

19. This being ſo, the Manner how 
that Senſation, which we call Viſion, is 
perform'd, ſeems to be the ſame, as that 
wherby a blind Man by the Thruſt of the 
End of feveral Sticks againſt his Hand, 
can thereby diſtinguiſh, which Stick 
thruſts from above, which from below. 
Namely, ſo by the Senſation caus'd by 
the Ends « and b of the Rays As and Bb 
and Ce, touching the Retina, we are na- 
turally endued with a Faculty of readily 


diſtinguiſhing, from whence each Ray 


proceeds, viz. that the Ray Ag, as touch- 
ing the lower Part of the Retina, does 
proceed from the upper Point A of the 
Object; and the Ray Ce as touching e 
the upper Point of the Retina, does pro- 
ceed from the lower Point e of the Ob- 
ject; and the Ray Bb as touching ö, the 
Middle of the Retina, does proceed from 
B the Middle of the Object. And conſe- 
quently we are enabled to judge of the 
Situation of Things aright, by receiving 
their Rays after ſuch a Manner as (it ap- 
pears from the foreſaid Experiments) we 
do: Which is the ſame as to ſay, that 
we ſee Things in their Erect or due Si- 


tuation, by having their Images painted 
on the Retina in an inverted Manner ; 
all 
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and contrariwiſe, we ſee Things invert- 
ed, by having their Images painted on 
the Retina in an erect Manner, 
20. I ſhall now, in the Jaf# Place, ex; of Spedtz. 
plain the Mechaniſm of Spe&acles, or how ©: 
they come ſo to help the Eye. It is then 
evident from the Rales of Dioptricks, 
that convex Glafles turn the Rays in- 
ward, or towards the Axis of the Glafs ; 
and the more convex they are, fo much 
the more inward the Ray is turn'd. It is al- 
ſo found by Obſervation or Experiments, 
that the Chryſtalline Humour has the 
| ſame Effect as a convex Glaſs. Where» 
fore, when the Surface or Coat of the Eg. 56. 
Chryſtalline Humour is of ſuch a due 
Convexity, as that it makes the Rays of 
the ſeveral Points of an Object to unite 
again in ſo many ſeveral Points juſt up- 
on the Retina, then Viſion is duly per- 
form'd, as Fig. 50. 1” 

21. But when the Chryſtalline Humour | 
is not convex enough, but too flat, (as it Fig. 51, 
grows through Age,) then the Rays paſ- 
ſing through it are not united ſoon e- 
nough, i. e. are not united at the Retina, 
but their Point of Union is further be- 
hind the Retina, and confequently then 
the Eye can't ſee duly or diſtinctly, but 
only eonfufedly, the Objects, from 
whence proceed the Rays. Wherfore to 
help this, convex Glaſſes, (calFd 74 
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cles) are us'd, whereby the Rays are 
made to unite in their proper Place, or 
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at the Retina. In order thereto, the more 


flat the Chryſtalline Humour is, that is, 


the more aged the Perſon is, the more 


convex muſt the Spectacles be. 


22. On the other Hand, if the Surface 
of the Chayſtalline Humour be too con- 
vex, (as is the Caſe of ſhort ſighted Per- 
ſons.) then the Rays are thereby united 


too ſoon, or before they come to the Re- 


tina, and fo Viſion is not dulv perform'd. 
Hence ſuch Perſons hold Things very 


near to their Eyes, to ſee them the better, 


betcauſe (according to the Rules of Diop- 


tricks) the nearer the Object is to the 
(Lens, or in this Caſe) the Chryſtalline 
Humour, the further will beithe Union 
of its Rays on the other Side. Hence al- 
fo concave Spectacles: helps ſuch Pet ſons 
Sight, by making the Rays unite in their 
proper Place; viz. at the Retina, Hence, 


laſtly, ſuch Perſons ſee better and better, 


as they grow elder; becauſe the Chryſtal- 
line Humour grows more and more flat, 
or leſs convex; ſo as to come but ton due 


Convexity in their old Age: Which by 
the way is the Reaſon, that ſuch People, 


as are ſhort-ſighted when Young, want 
not Spectacles when they are Old. And 
this is ſufficient to our Purpoſe concerning 
Dioptricks. 


C HAP, 


N | 
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ſider' 


which 


finiti. 


(7) 1 


Planes, 

or Cuts. 
young 5 
by the b 
ry Plain 


Optic. 


ts 07 perſpective. 


N perſpective the chief Things (beſide x, 
q the Eye and the Object) to be con- Lefinitions 


ſider'd, and therefore explain'd, are thoſe 2 85 


which are contain'd in the following De- Perjefive 
finitions. | 


6a | The (9) Geometrical Plane is a plain 2. 
p. Surface parallel to the Horizon, and pla- ee 
a Nced lower than the Eye, in which we plane, 


imagine the viſible Objects without any woe. 
Change, (except it be reducing a great 
Figure into a ſmall one,) and upon which 
the Situation of the Object to be repre- 
ſented in Perſpective is deſerib'd. 

The Situation (call'd alſo the Ih- 3. 


. Ml nography or Plan) of an Object is its 7% Sus. 
1. 8 Orthographical Projection upon the mm ” 


whats 


it, a 5 

be ——— — — 

Dy 

le, (F) It is alſo called the Baſis. This and the following 


Planes, c. here denoted, are not repreſented in Figures 
or Cuts, they being not caſie to be ſo apprehended by 
young Students; but they may be more eafily apprehended 
by the bare Imagination, or elſe by actually placing ſo ma- 
ry Plains in ſuch a Manner, | | 


(*) geo- 


Sha 


i 
* 


which is deſcrib'd upon the Gemetrical 


1 | 


cure, what, ſyays plac d at ſome Diſtance between the 


the Object in Perſpective; whence the 


1 b 
Ground 
line, what. 
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(*) geometrical Plane, or, that Figure 


Plane, -when from all the Points of the 
Object right Lines are drawn perpendicu- 
lar to the ſaid Geometrical Plane. Thus 
the (Plan or) Situation of a tight Cylin- 
der 1s a Circle, and the Situation of a 
right Cube is a Square. | 

The Pickure is a plain Surface, ſup. 
pos'd as tranſparent as Glaſs, and al- 


Eye and the Object, to repreſent in it 


Picture is alſo calld the Perſpe@ive 
Þ lane. I | 1 | 

The Picture ſtands (uſually (F) per- 

ndicular) upon the geometrical Plane. 
Whence the common Section of the Pic- 
ture and the geometrical Plane, is call'd 
the Baſe of the Picture, or the Baſe-line, 
and alſo the Ground-line: | 


ä 


HS 


(#) If che Orthographical Projection be (oat upon the 
geometrical Plane, bur) upon a Plane paralle! to rhe Pic- 
ture, then it is call'd Front; and if it be upon 2 Plane pa- 
— the vertical Plane (deſcrib'd 5. 11) it is term d 
Pro . ; | 

(f) Sometimes the Picture is inclin'd to the geometrical 
Plane or Horizon, and has alſo a curve Surface, as when 
the Surface of an arch'd Roof is to be drawn. But this 
being not common, the Picture is look'd upon throughout 


this Chapter as a Hane perpendicular to the geomerrical 
Plane or Horizon. | 
The 
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The Horizontal Plane is a plain Sur- 6. 
face parallel to the Horizon, and which Le Hori: 
is conceiv'd to paſs through the Eye, and Ji 
to be perpendicular to the Plane of the »h. 
Picture. a 

The Horizontal Line is that right Line, 7. 
in which the horizontal Plane and the Thr che 
Plane of the Picture interſect, and which Line, bar. 
therefore is parallel to the Ground- 
line. er 
The Principal Ray is a right Line 8. 


o 


— 


drawn from the Eye, perpendicular to 7% Prin- | 


fore muſt run along the horizontal Plane. 

The Point of Sight, calld alſo the _ 9- 
Principal Point, is the Point where the 4 855. 
Picture is cut by the principal Ray, St. 
which muſt neceſſarily be in the horizon- 
tal Line. | | | 

The Point of Diſtance is a Point in the 10. 
horizontal Line, whoſe Diſtance from 9a 
the Point of Sight, is equal to the Length cance, 
of the principal Ray. n 


The Vertical Plane is a plain Surface, 11. 


the Plane of the Picture, which there- 9 8 


which going along the principal Ray, is 7he verti- 


perpendicular to the Horizon, and fo to Lis. 
the geometrical Plane, and alſo to the gc. what. 
Picture: The common Section of the Pic- 
ture and vertical Plane being call'd the 
Vertical Line, and being alſo the Mea- 
ſure of the Height of the Eye ; and the 
common Section of the geometrical and 


vertical 


3 — 4 


Th . Bea alien! 7 


vertical Planes being ald the Line of 

Station. 
12. The en or ning of. a. 
The Ap-. ny Point of an Object is that Point, where 
F Point, the Picture is cut by a right Line drawn 
whzt, from the Eye to the Point! propos 'd of the 

| 1 
13. The Accidental Point of a right Line is 
7 — the Point, where the Picture is eut by a 
Point, Tight Line drawn from the Eye parallel to 
what. the Line propos'd. Whence it is eaſie to 
conclude, that all Lines, which are paral- 
lel to the Picture, have no accidental 
Point; and that all other Lines, which 
are parallel one to another, have the 
ſame accidental Point. It is alſo obſerv- 
able, that all right Lines, which are per- 
pendicular ta the Picture, have the prin- 
cipal Point for their accidental Point; 
and that all thoſe, which make an halt- 
right Angle with the Picture, have one 
of the Points of Diſtance for their acciden- 
tal Point, 

14 Tt is alſo obſervable from what has 
— been ſaid, that all the Parts of an Object, 
what har which are lower than the Eye or horizon- 
been aid. ta] Plane, ought to be repreſented in the 
Picture below the horizontal Line. And 
on the contrary, all above the horizon- 
tal Plane, or higher than the Eye, ought 
to be repreſented. in the Picture above the 
ſaid horizontal Line. In like Manner, all 


| thoſe 


2 
1 


> ts 
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hoſe Objects, which with reſpeet to the 
Eye are on the right Hand of the verti- 

| cal Plane muſt in the Picture be repre- 
ſented on the right Side of the vertical 
/ Line; and ſuch as are on the Left, muſt | 
; de repreſented on the left Side of the ſaid ._ 
vertical Line. 9 

In order to perform any Operation, 15. 
the Sheet of Paper, which you would V to de. 
work upon, muſt be divided into two nah | 
Parts, by the Line AB (Fig. 53) which Plane of | 
will repreſent the Ground-line. The up- '*Pifure, - 
per Part of the Paper, Diz. ABD D, muſt Geometri. 
be taken for the Plane of the Picture; . 2 
and the lower Part ABYZ of this Paper “ 5% 
for the geometrical Plane. 15 | 

The next Thing is to know, (under 16. 
what Angle the Picture ought to be ſeen, How 
that whatever is repreſented therein may ,#;- 
appear in juſt Proportion, and may eaſi- Points of 
ly be taken in by the Eye at one View); Piſtance. 
that is in ſhort,) how far the Points of 
Diſtance ought to be from the Point of 
Sight. Let there be propos'd a Square, 
which takes in all that yon would repre- 
ſent in Perſpective. And let the Ground- 
line AB be of equal Length with one Side 
of the Square propos d. Wherefore, if 
the Eye of the Spectator was at G, he 
ht could not ſee the two Ends A and B, be- 
he caufſe the Eye could fee, () at moſt. but 
g (D According to Theorem II, of Chap. II. x 
oſe "L) ſo 


o 
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ſo much as is comprehended under the 
right Angle GHl. But if the Eye were at 
K., it could ſee the Ends A and B, be- 
cauſe the Angle AKB is leſs than a Right, 
viz. 80 Degrees. And the Eye would 
ſee the Ends A and B better at L, and 
better yet at M, where the Angle AMB 


is 60 Degrees. And from ſuch a Diſtance 
the Objects (to be repreſented in Perſpee- 


tive, and contain'd in the foremention'd 
Square) may be feen in Perfection, the 
viſual Angle AMB being neither too great 
nor too little. The Angle ANB would 


alſo be very well. Wherefore having 


biſected AB in F, and from F drawn the 


17. 


Line FV perpendicular to DD for the 
vertical Line, and conſequently V being 
the viſual Point or Point of Sight, from 
the ſaid Point V ſet off the Diſtance 
((*®) FK or rather FL, or) FM, or FN 
on each Side upon the horizontal Line 
DD, viz. to D and D, which will be the 
Points of Diſtance requir'd or ſought, 
And this may he look'd on as a gene- 


A general ral Maxim, wiz. that the Diſtance be- 


Rule con- 


dern ng the twixt the Point of Sight V and the Points 


ſame. 


„ * 


1 


2 


4 ) lf. the Diſtance VD were leſs than Fk, then the Per- 
ſpective Square ABCE (concerning which ſce 5 17) would 
appear irregular, becauſe ic would be. ſeen under an ob- 
tule, aud ſo too great an Angle. 
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of 0 D and D muſt be (at leaſt 
equal to FA or FB. And it will not be 
amiſs to let this Diſtance be ſomewhat 


greater, And, if in this Caſe the Plane 


de picture be not wide enough to 
receive two Points of Diſtance, Ai 
- muſt only one be mark'd ; and the prin- 


cipal Point or Point of Sight V may be 


placd on one Side, as Fig. 59, Ge. 


The Points of Diſtance 5 * D (Fig. 18. 
530 being found, draw the Lines AV ee 
and BV, as alſo AD and BD. And the N 


Figure ABCE will be the Appearance (in he.. 


the Picture) of the Square, propos'd to 
be repreſented in Perſpective ; which Ap- 
pearance of the ſaid Square is in ſhort 


calld the Perſpect ive. Square. 


Proceed we now to the Repreſentation 19. 
ein the Picture) of Points, Lines, and Ho 70 tt 


Planes. And firſt, how to find in the Jnr . 


picture the Repreſentation or Appear- pearance 7 


ance of a Point given in the geometrical # Point &- 
ven in tbe 


Plane. From C the given Point ( Fig. geometrical © 
54) let fall upon the Ground-line AB the Plare. 


Perpendicular CE ; and from the Point Pg. 54 
E draw to the principal Point V the Line 
VE. Upon AB ſet off EF (or EA) = 


CE; and * draw FD (or AD either 


of) which will upon VE give at c the Ap- 
pearance of the given Point C. 


(L2) Second: 


3 
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20. Secondly, how to find in the Picture 
To find in the Appearance of a right Line given up- 
=> OE on the geometrical Plane. Suppoſe MN 
ence of (Fig. 55 and 56) to be the right Line gi- 
rigitLine ven. Find (as afore) the Appearance of 
geometrical the Point M, iz. At N, and then the 


Plane. Appearance of the Point N of the given 


ES 55 Line MN, viz. at 2. Then join and 
A „, the Line un will be in the Picture 
the Appearance of MN the Line propo 
ſed (. . ; Fo 
21. When the Line given on the geometri- 
To find in cal Plane is (not a right Line, but) a 
— 3 curve Line, then from ſeveral Points of 
are F 4 it draw Perpendiculars to the Ground- 
Srerontie line; by means of which, and what has 
geometrical been ſaid, may be found in the Picture 
Plare. the Appearances of all thoſe ſeveral 
Points, which being join'd by a curve 
Line, that Curve will be the Appearance 
of the Line propos'd. 


— 


—— — ? 1 
\ » 2 * 
5 0 


(% Thar every Thing von deſign to repreſent in per- 
ſpettive, may appear in juſt Proportion, it is requiſite 
ſ-merimes to have the Eye at a great Diſtance from the 
Pittvre, which may hinder from marking either Point of 
Diſtance upon the horizontal Line, In which Caſe you 
muſt mark only half of rhe Diſtance of the Eye from the 
Picture vpon the horizontal Line, as (Fig. Ray from V to 
Q, which will repreſent one of the Points of Diſtance. 
And then you muſt only ſer off halt the Perpendicular HI 
upon the Ground-line AB, from I ro P. Then draw QP, 
and the Point þ will be the Appearance of H the Point pro- 


Sd. | 
95 | Thirdly, 


& % 1 Vt __ bk wa bd 


eee =. . 38g 
- Thirdly, To find in the Picture the 22. 


Appearance of a plain Figure given on 7 fnd in 
the geometrical Plane, ſuppoſe the Square the me 


the Appear- 


CE Fig. 58. Find the Appearance ance of 4 


(as has been afore ſhewn) of its four an- Pan fi 
gular Points C, E, G and H; which will in * | 
be e, e, g and 5. Join the ſaid (laſt) 22 | 
Points, and the Perſpective Square cegh will Fes. 58. 
be the Appearance of the given Square 359. 
CEGH, when ſeen foreright, or when 
the Line KL, of the given Square falls in 
with VF the vertical Line. If the given 

are-be all on one Side of the vertical 
Line VF, (as Fig. 59) then the Perſpec- 
tive Square cegh (in Fig. 59) will be the 
Appearance of the given Square CEGH. 


VWybere alſo it is to be noted, that the 23. 


Appearance g of the Point G may be Rem. 
found alſo after this Method. Namely, Fs. 59- 
in the Ground-line AB take the Point B 

at pleaſure, and draw BV. Then ſet off 

BM equal to the Perpendicular IG, and 

draw MD, which upon the Ray VB will 

give the Point N. Through which NC 
being drawn parallel to AB, will upon 

the Ray VI give the Point requx'd g. 

And this Method may be uſed, when the 
Perpendicular IG is ſo long, that the 
Length thereof can't be ſet off upon the 


Oround.- line AB within the Pictture. 


In the ſame Manner may be found in 24. 


| . Another 
the Picture the Appearance of any plain 2 20 


* 2 
we 
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25. 
To find in a 
Pitture the 


Appearance 
1 of Cel 
* muſt be deſcribd about it a Ron, as 

A 


. Toung Gentleman's 


plain Figure, viz. Triangle, Pentagon, 


Heptagon, Goc. Namely, by diſtinctly 


finding the Appearance of each angular 
Point of the plain Figure propos d, and 


then joining the Appearances ſo found by 


right Lines. f 
It ſhall here be only obſerv'd farther 


in reference to plain Figures, that to find 
in the Picture the Appearance of a Cir- 
cle given in the geometrical Plane, there 


(He. 60,) the Square EFGH about the 


- Circle ILKM: One Side of the Square, 


viz. EF (or GH) muſt be parallel to the 
Ground-line AB, and conſequently the o- 
ther Side EH (or FG) muſt be perpendi- 
dicular to AB. Draw the two Diagonals 


EG and FH, which interſecting at O the 


Center of the Circle, will give upon IKL, 
M the Circumference of the Circle, theſe 
four Points, P, Q, R and N. Then find 
in the Picture the Appearance of the 
Square EFGH, which will be the Per- 


ſpective Square efeh, and alſo the Appear- 


ances of the Points L, Q, K, R, M, N, 
T and P; which will be in the Perſpec- 
tive Square the Points I, 3. K, r, , u, 
i and p. A Curve drawn through theſe 
laſt Points will determine the Appearance 
of IKLM the Circle propos d. Where 
note, that the Appearance of the Circle 
will alſo be a true Circle, if the Circle 


pro- 


Circle; 
Square 
IKLM), 
the Side 
quir'd. 
being etc 
be the C 
fore Cer 
more ad 
note, th 
not ſer © 
by deſc 
ly, beca 
that EL: 


propos d be ſeen fore-right, that is, if its 
Line (0 LM, being perpendicular to 
AB, make one right Line with VF the 

vertical Line. But if the Circle propos'd 
IKLM be fituated (as F5g.6x,) then its Ap- 


pearance will be (as there) elliptical. | 
Proceed we now to ſhew, how to re- 


Snares ſeen fore-right, without a geo- 
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F Fe , | | 


a 


preſent in Perſpective a Floor of equal e 
of equa 


metrical Plane. Divide the Ground-line Squares 


AB (Fig. 62) into as, many, equal, Parts 


" * 


_= 
* 


2 To have the Appearance of a Circle in the Picture, 
to be likewiſe a Circle, the Diſtance between the Eye and 
the picture muſt be of a determinate Length, which may 
be found thus. Having produc'd the Side of the circum- 
ſcrib'd Square EFGH, till it meets at right Angles with 
the horizontal Line DD in a Point as S, draw SL, and 
cut off from it SC=SV, and the remaining Part LC (of SL) 
wil be the Diſtance between the Eye and che Picture, or 
W equal to the ſaid Diſtance, If VD be given, and you 
would find VE (or the Diſtance between the horizontal 
Line DD and the Ground-line AB, that is) the Height of 
the Eye requiſite, that the Appearance may be alſo à true 
Circle; the rectangular Triangle SYL ſhews, that the 
Square of the Line EL (or of the Ray of the given Circle 
— be taken from the Square of the Line LS, and 
the Side ES of the remaining Square will be the Height re- 
quir'd, - Note further, that the perſpective Square efz4 


being ttound, the Mid- point X of the Line mL (or ml) will 
be the Center of che Perſpective Circle ; upon which there- 


fore Center the ſaid Circle may be drawn without any 
more ado, or without finding the Points J, 9, E, &c. Laſtly, 


note, that in Fig. 60, the Perpendiculars El and TN arg. 


not ſet off on the Ground- line AB, partly to avoid Confuſion 


by deſcribing the Arch of many Circles, partly and chief- 


ly, becauſe it is evident (from the ſetting off EK and QR) 
that EI EI and TF TK. 5 


ſent 


. ws 0 
* - * 


ſeen fore- 
= 5 right. 4 
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ſent the Side of a Square. Draw through 
each Point of Divifion to the otintipat 
Point V, as many right Lines or Rays, 
the two laſt of which will be VA and 
VB. Then draw the Ray AD (or BD;) 
which will cut the foregoing Rays in 
Points, through which you muſt draw 
Parallels to the Ground-line AB. The 
laſt of theſe Parallels will be EF, which 

will have its Diviſions equal between G 
And H. And the like equal Diviſions 
may be continued from G to E, and 
from H to F, in order to draw throu gh 
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theſe new Poiats of Diviſi ion, from 3 


principal Point V, other Rays which 
will upon the Lines DA and DB meet the 
foregoing Parallels reſpectively belonging 
to them. Thus you'll have in Perſpec- 
tive all the Squares, which can be com- 
prehended in the Space ABFE. And if 
you would have more, draw DE, which 
will cur all the Rays that proceed from 
V in Points, thro' which (as afore) you 
muſt draw Parallels to AB, the laſt of 
which will be KL. And lo, go ON as a- 

fore. 
27. If you would 1 in Perſpedlive 2 
Torefreent Floor ſeen fore right, and containing e- 


, qual Squares ſeen Cornerwiſe, work thus. 


Squares The Side AB of the ſquare Floor being 


fenCor- determin'd upon the Ground-line AB, de- 
ner-wile. 


Fig. 63. ſcribe the Appearance of the ſquare * 
y 


at the Points 1, 2, 3, 4, 5, 6, 7, 8. Fs. 64. 
b : 
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by drawing from the two Ends A and B 
hs the Side given, to the principal Point 
V, the Rays VA and VB; and to the 


two Points of Diſtance the Rays DA and 


DB. Theſe Rays will cut the former in 


the Points E and F, which being join'd, 
the Line EF will be parallel to the Ground: 
line; and ABEF will be the Perſpective 
Square. Having divided AB (or the 
Side of the Perſpective Square) into e- 
qual Parts, to each Point of Diſtance D, 
raw Rays through each Polnt of Divi- 
3 which Rays by their common In- 


terſections, will form the Appearances f 3 


the Squares ſeen Corner-wiſe. With 
which Squares it will be eaſie to fill the 
Perſpe&ive Square ABFE, becauſe all 
the Rays that proceed from the two 
Points of Diſtance, divide equally in 


the ſame Points the Side EF parallel | 


to AB; which is alſo divided equal- 
ly and in the ſame Points, by the ſaid 


Rays which go from the two Points of 


Diſtance. 


To repreſent in perſpedive a Floor * 
made of equal Squares ſeen fore - right, To ee. 
and encompaſs d with 4 Border or Frame, nt Flor 


without a geometrical Plane ; work thus. ye gat | 
Divide the Ground. line AB into as many right, and 
Parts, alternatively equal and "unequal, g 
as you would have Squares and Borde ers, Border. 


From 
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__ 38 From all theſe Points draw Rays to v; 
| WM the firſt Ray will be VA, the laſt VB, 
| { 


Then draw the Ray DA, which will cut 
1 thoſe that go from V in Points, through 
i which you maſt draw Parallels to AB; 
1% the laſt of theſe Parallels will be EF, 
12 which terminates the Perſpective Square 
I ABFE. And ſo you will have the Re- 
3 preſentation of the Floor requir d. And 
' you may continue it, if you draw ano. 
ther Ray through the Point E and the 
Point D; and then proceed to work as 
„„ | 
29. To repreſent ſuch a Floor as is laſt 
. mention d, but ſeen corner-wiſe, work 
"Temes thus. Divide the Ground- line AB into 
Squares Parts as afore, viz,alternatively equal and 
len ca. unequal. Then draw thro' the Points of 


 %ner-wiſe, 1 = . 
Ir — . Diviſion, to the Points of Diſtance, Rays 


. 8 75 65. nate in the reſpective Square, this alſo 


being to be deſcrib d as is afore taught. 
e 'An weful deſcribe Squares given in a geometrical 
_ Ky" Plane, then the Ground-linz AB muſt be 


ſent in 


"+ 2"Þ 
more ©!” tive 
$ pearances of thoſe, in the geometrical 


- 
©, 


the given Squares, And the littlePerſpec- 


gares made up of feveral Lines ; as for 


_ Border; or Lines; Which will (as afore) termi- 1 


Perſpe#ive divided into Parts equal to the Sides of 
Squares, not only will be the Ap- 


lane, but alſo may be very uſeful to re- 
preſent in Perſpective one or more Fi- 


and t 


al 


Sri Ey he 


Opticks. 17¹ 
inſtance, a fortified Polygon. Namely, | 

the ſaid Polygon (or Wall of a fortified 
Town) being defcrib'd on the geometri- 

cal Plane with the Squares, it will not be 
difficult to deſcribe the ſame likewiſe in 
perſpective with the —_ of the Pic- 

ture, drawing ſuch a Part of it in each 
Square of the Picture, as is deſcrib'd in 

the correſpondent Square of the geome- 

trical Plane, All which will be ſuffici- 

ently illuſtrated by a bare Sight of Fig. 

_ ” 8 
And in like Manner, Fig. 63, if up- 31. 
on AB a Square be drawn in the geome- 4 like Me: 
trical Plane, as ABGH, whoſe Repreſen- 
tation is the perſpective Square ABEF ; 

and that Square ABGH on the geometri- 

cal Plane be divided into other little 
Squares by Lines parallel to the Diago- 

nals AG and BH, the ſaid Square ABG H 

may be made uſe of, to put or repreſent 

in Perſpective ſeveral Things at once, the 
Draught of the ſaid Things being de- 


x {cribd.upon the faid Square. 


And thus I have taken notice of ſo 32. 
much of Perſpective, as is agreeable to ve . 
the Deſign of this Treatiſe. And there- . 
fore ſhall here put an End to this Trea- 

tiſe of Opticks. > He | 
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